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1.1 ..-INTRbDUCTION 



The Proposal "Experiment in Matetials P'rocesaing Engineering 
Education: The industrial Internship Program** (1) was prompted by 
the problems of a **productivity crisis" that was seen to exist at 
the tiirle of its wri^ting: a severe balance of payments deficit with 
a balance of trade deficit as one of its most noticeable components. 
The blame for these^^velopments was generally placed on a level ol 
piroductivity significantly below that of a number of foreign com- 
petitors on the world markets t2) . Within onfe year events took ^ 
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place which appear to have shuffled naticfnal priorities. For one, 
the U.S. currently enjoys a trade surplus, brought about by cur^ 
rency realignments. Secondly, the Yom Kippur War at long last has 
;}olted the industrialized world into the realization that the 
earth's non^replenishable rpsour^s are in fact finite in quantity, 
and supply, levels of some of these are growing (dangerously low. 
The word "Energy Crisis" suddenly became the wordrOf the day, al- 
though *'Materials crisis" would have- been a more appropriate choice. 
Did national priorities really x^hange since a year ago? The ansvSter 
is suggested by a brief review of the definition of jProducjtivity. 
simply ^ut, productivity is the K[ieasure of output fQr a given a- 
mount of hum4n effort. But Mr . ^ R.CGerstenberg ^ President of the' 
General Motors Corporation, goes further in his definition of pro- 
ductivity : 

Productivity is a measure of management's efficiency, 
or^ lack of efficiency, in employTng all T:he necessary 
resources — natural, human , financial. (2) 

•Similarly, L. L. Lederman, Dj^rector of the National Research and 
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Development Assessment p/ogram of NSF, stated 
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Productivity is the relationship of output to^ a:ssoc- 
... iated inputs, in *real,* physical volume termg^. THus, 

\ ' changes in the ratio of output to input measure 

changes^ ii^ the efficiency with which inptits of scarce- 
^resources are converted into gtoods and services. (2)* 

It is thus cl^ar that productivity had been a measure of efficient 
use of. our natural a:esom:ces all along, even before the nation be- 
came painfully aware or-^trie Energy Crisis. Thus, national prior^ 
ities* clearly have not changed. 

. "The proble^ of productivity remains very much at the core of 
any solution to the materia^ shortage problem. It thus appears 
that the ob;}efctives of this proposal and the proposal itself have 
Tema^^i^a very much relevant to our present problems. 

The United States will need more and better qualified tech- 
nological entrepreneurs and innovators to tackle these problems 
and those looming on the horizon. Invigorated interaction between 
the industrial and academic communities, as promote by the In-; 
ternshxp Program, can be an importaiJt factor in ^the solution to the 
productivity^ problem. ^ 
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1.2 OBJECTIVES . ' 

Under the Experimental R&D Incentives Progr^ of the Nation 
al Science Foundation^ Michigan Technological University proposes 
an experiment Vith" the objectives to * * 
It Provide professional training in ah atmosphere of in- 
novation for students planning to enter manufacturing 
' *• engineering. 

2. Deve^Lop ari& maintain a university-industry relationship 
conducive to joint activities ^hat will lead to increased 
traijsfer of new manufacturing technology to the manuf ac- y 
^ ^ turing industry and will prtovide feedback to the^feduca- 
^ tional system of the university. 

It\is proposed that these objectives can be achieved through an 
educational program which brings together a student or students, 
a university faculty mefl^ber^. and an engineer from * industry to form 
a team. It is the task of this team to solve an engineering probr 
lem provided by industry. Details on the TRrogram are provi<Jed in 
Chapter 2 as well as in Reference (1) . 

Specifically^ the purpose of this phase of the project is to 
" review existing university-industry interaction ^ domestic 
' ^ and foreign, involving public, private and captive insti- 
rtutions 

-/conduct symposia for potential industrial participants — ^ 

identify interested companies and students 
2" establish an advisory council^ 
- - conduct meetings for faculty and industrial participants 
to establish program objectives ^ procedur;es and guidelines 
and to design the full experiment. 
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:i*3 CURRENT STATUS OF THE INVfeSTJIGATION ^ ^ ' / ^ 

Existing TJniversity-Indiigtry Interaction—Foreign . During the 
Manufacturing Productivity Conference held in October, 1972, iri 
Washington, D. c. (2), Germany and Japan were frequently mentioned 
as natiions enjoying high productivity and strong government back- 
ing, in their R&D efforts. Consequently, it was fejt that these 
countlries should be \KLsited to gaiti first-hand information, also 
With regard to university-industry interaction there Reports on 
these trips comprise* Chapter 3 of this report. The experiences in 
Germany turned out to be of particular value, since a very strong 
working rel^ionship exists between universities and industry in 
that country. . The potential benefit's of applying some of the 
practices observed t6 the U.S. system are worthy of investigation. 

Written inquiries went out to universities of other European 
countries to obtain corresponding data. Not all requests for in- 
formation have b^en honored yet, so these findings will be included 
in the final reports It can be; stated, however, that the same type ^ 
of university-industry interaction exists in all Central European 
countries {Germany, Switzerland, Austria and its former dependencies), 
as evidenced by the fact that Austrian and Swiss companies do join 
perman companies In cooperative research ventures involving German 
universities, for example. - , 

Existing University-Industry Interaction — Domestic . Aside from 
interaction that frequently exists between an individual professor 
and industry, a number ♦ of schools have been identified which have 
established systematic programs aimed at a more pro(5uctive inter- 
change J^etween university and infdustry. 

ERIC 8 . VP 



One type program found at a number of universities is ih- * 
tended to. cultivate a .Ttiutiiai:^^ beneficial partnership between in- 
dustry on. one hand and .university administration hnd professdrs on 
the other-* Michigatn Tssch^ts Corporate Associates Program and M.I.T.'s 
Associates Program ahd int^ustrial Liaison Program belong in this 
category. Member firms gain access to the educational and research 
programs of the school, and thQ school rfeceives financial support^. 
Some, of the means of coramuni9ation are individual visits on campus 
or in industry, different types of publications on research acti- 
vities at the ^school mailed out to member firms, seminars, coilo^ 
quia, and round tab3r?*^eetings to promote exchange of professional 
experience ai^d information. .The programs of M.I. J", involve on- 
campus rejyresentatives who are responsibile for establishing con- 
tacts in, areas of coincident ;Lnterests with member companies, and. 
thu^ for developing effective^ relationships between these firms 
and the school. / < 

On a visit to the University of Michigan, it was learned that 
this school f recognising the importance of comput'er-aided design 
and manufacturing tCAD/CAM) for industrial production, has insti- 
tuted* the Industry-University Consortium Research Program on com- 
puter-Aided Manufacturing. The Mechanical Engineering Department 
and ajfi industrial Tecttnical Advisory Committee are expl^oring yays 
for increasing university involvement in CAD/CAM. As a result the 
U* pf M. is now active in research and teaching in this field. 

r 

^ The Processing Reseajrch ilnstitu]te of Carnegie-Mellon University 
ofjESirs a Master of Engineering Program designed to prepare graduate 
students professionally, for, engineering careers. Students are ^ , 
given industrial projects, and they have the* major responsibility 
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for their silicce^s^iil completion. Each project is directly super^ 
Vj;sed by PRI fa^culty members, but also receives dix^ect input ^^^^ , 
Engineering exgerjts from industry. Currently, about 15 companies 
are participating in the progr^ni. The working arrangement with^ 



each firm ^provides £<^r'7project funding to be shared equally^ by the 
company and NSF for the first year. Sxibsequently , the company ' . 
carries all project costs. —The cooperation of the Department^ of 
Chemical "Engineering, Mechanica^3^ Engineering, and Metallurgy and 
Materials Science makes thi^ progfr^ interdisciplinary. 




Co-op Programs . Colleges and universiti^^ across^il^ 
and Canada are adopting Co-pp Programs at W accelera^^ing^ ra^ie^ 
Cooperative education in its standard form has the following f 

"A 

features (3,4): By placing an interested studqnt into indi|stry 

■ . ' ' ■ / ' ^ > ^ . I " 

according to a time scheduJ^e convenient to him, h^ gains industrial 

experience to supplement his classroom learning. The student cus^ 

tomarily enters the program after comple^on of his first year in 

college^ Care is taken in trying to match the student's field of r 

t 

study and his work assignment. The level of these alignments is 
adjusted to conform to the student's academic progress, i.e., he 
assumes increasing responsibility as he nears gradxj^tion. The ■ 
Student's isfe»ark experience becomes part 6f his formal education, and 
*he receives academic predit for. it. His academic studies .becofffe 
more relevant ^to him, as he is able to relate theoretical learning 
to his job experience. 

In sximmary, threes different types of university-industry 
interaction in the U.S. have been identified so far: 

, 1. Industry deals directly with professors in order to bene^ 



fit frbm the research pfTTentiai of the university. Stn* 
dents are not involved on a systematic basis, althoiagh 
graduate students will us^ialiy be active in relied re-. 

I 

search efforts. The flow of technical information'^ tends 

to be directed from the university to ^.ndtistry. Some 

^ " ^ 

feedback from the reseatrch effort to the classroom exists. 

2. A nijm^er of s^idents (undergraduate) gain industrial Ex- 
perience, and thus are ^he primary beneficiaries of the 
interchange. No direct irtyolvemQnt by th^ universities 
exists to benefit industry, and there is practically no 
feedback from industry to the university which would be 
helpful to make teaching more relevant to all students. 

3. A number of students (undergraduate and graduate) gain 
industrial ^X|)erience by working with faculty m^gibers and 
practicing engineers on an industrial problem. All par- 
ties ^involved in the project benefit: the student gains 
valxiable experience, the company gets a problem solved 
with the help of the university, and the. faculty member 

\ gains practical experience. Communication channels be". 

\ . ' ' 

\ tween xiniversxty and industry are open, and the flow of 

^ information frpm in\3ustry to the university makes engineer- 

^ ing courses more relevant so tSat all fetudents taking these 
■ courses benefit* \ ^ ^ 

Of course it should be emphasized, that these classif ication3 need^ 
not be as irigid as outlined here. -Instead, a wide spectrum of ■ 
combinajtions or variations of these program types is possible, 

stibject to the ihgenuity and needs of the . program participants* 

* ' t ' 
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Symposia TJniversity^Industry interaction . " In recent months a 

^' ^ ^ ' ^ ' * I 

nmnber of* symposia weze held which dealt with the neetJ tOT improve 

/lAniverfeity-industry.^nteractiop and the transfer of technology. 

In T)ecembex of 1973, Caxnegie-Mello'n University conducted tbe 

NSF-sponsoredi "Workshop on Research and Educational Needs in the' 

pressure Vessel Piping and Related Industries /' whifeh w^s ihtendfed* ^ 

to advance .university^industry interchange. A brief descE^iptipn ' 

of this meeting is included in .Chapter 4. . C ' 

Also in December of 1973, M.I.T. held tlte ^'National Conferenae 

on Manufacturing Technology ^arid Productivity." A detailed report 

on the proceedings o£ this meeting is included in Chapter 4. 

Jlichigan Tech held NSJ^sponsored symposia on Jg^c4raber *12, 1973^ 

'^''In Dearborn, Michigan, and on March 1, 1974, on the Michigan Tech 

r ** 

Campus. The purpose of these events was to advertise thf proposed 
program to industry and to stimulate discussion on it. ^It was f61t 
that early input. by industry would aid in the final desicfn of the 
experiment. Proceedings o£ ^these meetings are included in Chapter 



Some ofithe significant results _pf these meetings are: 

# 

The indfistrial representatives agree that the program proposed 
by Michigan Tech is ya^yj)romising. Although it shares a common 
feature wit^^^e-^o^op program, namely, the practical experience^ 
^aine'd by the student, its involvement o£ university faculty makes 
it most appealing to them. They feel that channels of communica-" 
tion, which would thus be opened between university and industry, 
benefit all.particip^ts. Better than 80 percent recommend that 
their companies participate in this program. Additional, details , 
showp in Chapter 4, include the results of a questionnaire responded 

12 ■ • • • 



to by industrial participarits of the symposia* 

Status of Indxistfrial Cornmitments and Advisory Council * Thene ap-^ ^ 

pears to be Xittle . difficulty in finding corapanies willing to par--^ 

' ticipatj^^JjQ the prograin. Presently, companies from whom^positive ^ 

responses have been .received can be categorized as: a) coiranitted 
• „ < ■ ' - 

to the prograin, b) expected to^make a commitment, ami c) having 
expressed an :^terest as. shown: 

Companies Committed to the" Program 
^ 5— 

beere & Company, Moline, Illinois ^ 

Gre'de Foundries, Iron Mountain, Michigan and Milwaukee, Wisconsin" 
Ford Motor Company, Chassis. Division, Dearborn, Michigan ' ^ 
Concord Manufacturing Company, Conpord, Michigan / 




Comj)anies Expected to Commit Themselves to the Program ^ ^" . , ^ 
^ Caterpillar Tractor Comp'^y, Peoria, Illinois 
» Gardeh Way Manufacturing Company, Troy,' Kfew York 
Union Carbide Corporation, Buffalo, IJ^w York 

gagniaw Steering Gear DivJ of TSeneral Motors^^ Saginaw, Michigan 
Motor rV/heel<iCorporation, Lansing, Michigan . 
' _ Steel Case, Inc>'. , Grand Rapids, Michigan 
Dow Chemical Company, Midland , Michigan , 

* * ■ 

Companies Having Expressed an ^Interest in the Progr'am 
Besser Company , Alpgna, Michigan 

*Bucyrus Erie .Companj^,i S. Milwaukee, Wisconsifi. \ ^ 

Cleveland Cliffs Iron Company, Munisihg, Mich^Mi \ 
Giddincfs & Lewis Machine Tool Company, Fond du.Lac, Wisconsin, 
D. A. MacPherson, Inc* , Iron Kiv^r, Michigan 
Leat Si^gler, Inc., Detroit/ Michigan ' l , 

, Scdtt Paper* Company, Oconto Fa:116, Wisconsin " 
White Pine Copper Company, .White Pine^ Michigan 



ADV!CS6RV COUNCiL FOR PROJECT 



1., Robert M. ^olton\ Project Director, 
Private Secfeor/^^ERDIO, MSP 

2. ^ Richatd 0. Lane, Director of Marketing, 

Pfank Bancroft Co. , Ir^. , ^Dearborn , Michigan 

3. Gerald T. 'Underwood 

Mgr. of Personnel and^Management Development 
Deere & Company, Moline, Illinois . ^ ^ 

41 Marvin l>eVries, Associate Professor 
Department^of Mechanical Engineering 
University of Wisconsin , Madison v 

5. Henry Gregorich, Chx6f Engineer,^- 

Prc^duct Engineering Office, Chassis Division, 
J*ord. Motor Company, D^aj^orn, Michigan 

.6 . L. J. Woelke, President, 

Grede Pfrundries, Inc. , ' Milwaukee, Wisconsin 
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1.4 REMAINING tASKS ; 

A number of tasks remain to be completed. These are: 

Complete study of domestic uniyersity-inaustry interaction . 
Efforts to make a more complete assessment of university-industry' 
interaction in the U.S. will be continued. The search will con- 
centrate on programs which deviate from conventional do-op educa- 
tion, since its scope has been clearly identj.f^.edi as described in 
the previous section. .0 

Finalize the list of participating "players" for the first 
year . It is recognized that the "players" will increase in number 
and may va]^ over the next years, as the program grow?. At first 
arrangements must be finalized with the companies which will help 
to st^rt up the program. This includes establishing projects and 
the teams (student?-prof eSsor-practicing engineer) thcit will be re- 
sponsible for their successful completion.. At the same time . in- 
dustrial participants must be identified for subsequent years t 

Meetings for faculty and industrial participants will be held 
to establish program objectives, procedures, and guidelines. Form 
ation of teams also requires the identification of interested as 
well as qualified students. This task will be undertaken in the 
very near future. 

Final design of the experiment . The input provided by the 
symposia and the faculty/industry meetings will be tjelpfuX in the 
final design of the experiment. Since a major part of the experi- 
ment is its evaluation, criteria and techniques will be outlined 
to help determine the success of the program. it has come tio our 
attention tha.t cost/benefit studies are being conducted by two 



universities"^ pn the effects of co-op education. These schools will 



be contacted in an attempt to determine what their.> expero/ences are 
and what suggestions they may have for a meaningful analysis of a 



^ program such ad the one proposed 
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f 

by 

J^C . GiBrdeen ^ 



9 



Problems 



/The Engineering Internship Program has been prompted by 
problems, of manufacturing productivity # foreign trade unbalance, 
and felated causes such as technology transfer, lack of research 
and innovation and technology gaps of one sort or another. For 
exHinple, during the f ir^f^^uarter of 1972, the U. S. experienced 
a foreign trade unbalance of 1*5 billion dollars. This has been 
artificially offsefe during 1973 by the devaluation of the dollar, 
but the real cause of this problem still exists. ^ The Engineering 
Joint Qouncil [1] foresaw this problem when they said:' ^ 

o ■ ■ ' ' 

Minimal U. St support of industrial research V - 
may lead to a loss of technological world leadership 
in civilian markets. 

Closer collaboration between engineering and ^ ' 

educational theorists, should be encouraged, 
^especially in universities having strong schools 
of engineering. 

The cause 6f this foreign trade unbalance may relate back to 
the amount of research effort in manufacturing processes. In ^ 
metalworking research the U. S. has been outdone by Japan and 
Western Europe as Table 1 shows. Japan has expended about two 
JE^imes as much research effort and Europe more than four times as ^ 



[l]"The Nation' s Engineering Research Needs' 1965-1985 , " EJC, 
January 1963. - > . ^ 
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much. It is not surprising then that the U. S. faces serious 
competition trom these countries in manufacturing productivity. 

If research and development are important to increased 
productivity, it is worthwhile to consider the innovation process 
and blockages therein. Table 2 shows the basic elements of the 
innovation process. Blockages. exists between these elements. 
There are several of these, but the technical and educational ^ 
will be considered as the important dues here. 

There is a technology gap. Where is it? A recent survey, 
Table 3, showed that a technology gap exists in the material 
PfOcessiVig area. For example, tools and dies for metal forming 

are designed bjf experienced artis'ans. A new design reauires a., 

i ■ . " ' 

trial and erro^f approach. Yet, the technology .exists to make 

this art -more at a science, and thus save lead time and avoid 

unnecessary developm^il^t expenses. 

Table 4 shows that there is also a lack of edu^tional back' 

ground of manufacturing engineers. As indicated on the previously 

cited Table, Table 2, the NSP R&D incentives pr'ogram has as its 

objective to overcome these "technological and educational blockages 

in the innovation process . 

The Internship Progratn ^ 

Manufacturing productivity involves industry . A technological 
education involves a student and the university * These three 
identities are shown in Figure 1. Very often, and unfortunately, 
two of these identities, the industry and the university exist by 
themselves with some distaste for each other. The industry may 
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TABLE 1 

ANNUAL RESEARCH EFFORT IN FETAL ^^RKING (1863) 



Keh Hetal Removal Processes 
Existing F£TAL RemvAL Processes! ^24 



UwiTcn States 

m 15.6 



28.8 



Hah 

Jkim 

323 
1575 



1?.3 
59.7 <7 



Kan 

516 9.^ 



2033 



37.1 



^ KeW FkTAL F0RHI«9 PROCESSES 

Existing IIetal Fqshihg Processes 



«|39 



29.8 



TOTAU. 



W70 



63.6 2.1 



2635 



502 



9.1 



1 
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TABLE 2 . • 

PROBLBISV EMPLOYMENT* INFUTIpN, "PRODUCTIVITY," TRADE BAU^CE, 
ECONOMY, 

RfiD Productivity - 



INNOVATION PROCESS ! Bas ic Research 



iPPLiED Research & Development 



'BLOCKAGES" IN THE INNOVATION PROCESS: financial 



TECHNICAL 
INFORMATIONAL 
MARKETING 
EDUCATIONAL V 
LABOR 



RESEARtH INCENTIVES PROGRAM: Support "experiments" to test 

FEDERAL INCENTIVES IN OVERCOMING 



^1 




Marketing 




INNOVATION PROCESS. 
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WHEREc IS THE TECHNOLOGY GAP? 
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Processing and Fabrication , 56r^% 

Materials \^ ' . ' • 18.6^ 

Both . : • - 5.6% 



* 62% IN MaterialVI'rdce&sing 



Reference: Metals Progre'ss. "Survey Report", Oct, 1970 
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TABLE 4 
A. D. LiniE REPORT 



u LfVELS OF FORMAL EDUCATION 
" OF MANUFACTURING ENGINEERS 



High School, or Less 
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think of the university as an "ivory tower'* with no connection 
with the real world. The industrial person may >e unaware of 
technical expertise ab the university in his prpblem area. The 

^ + - i 

university professor may not like the idea of getting his "han^s 
dirty" in the real^ world"^of\industiV. He is unaware ot the problems 
of industry. Consequently, there is a technology ""transfer problem.- 
However, the student, 'is the secret^ to the solut^^sn of this problem. 
The student is the main product of^rhe university.. The sya^ent 
goes to jij^k for the 'industry . Therefore/ a mechanism pf technology 
transfer involving thg student will off^ the mosbti potential . 

^(In this connection, it is noted that Michigan Tech' ranks 
firs't in the number of Metallurgical engineer^ graduated each year 
and ranks third or"^ fourth ^in the numBer of Mechanical Engineers 
graduated in the U. S.) 

Next consi'der the charat:teri§4tics of each of the three * 
identities, as indicated, in- Figure. 2 , tha"t can be involved in 
^technology transfer. Industiny has an engineerin'g problem or 
r^s^rch problem that , needs to be solved^ before .a new ^oduct cah / 
be made. read^ for production. The industry may lack the^expertise 
that can E>,e potentially appiied ^o these problems. \The student sits 
in between an^ he is^ poncerjied about obtainljig an education, 
expecially one^.that is relevant, ^nd that will help hijn obtain 
empfoyment Jgipon graduation. %' ^ 

Figure 3 shows how these^three identit^eTsl^ith their 
individual characteristics and concer^ns can i.nteraqt^ via a three 
man team^S^jb^^^ei^^^^ tfec^no^ogy ^transfer . The industrial person 
'may fee an engineer or oth^r representative frpm^indugtry. There; 
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may be one or more students involved on this team. The university 
representative would be a faculty member with particular expertise 
in the problem area. Figure 3 shows how the university faculty 
member miist get out from, the university to interact with industry. 
It also shows how the engineer fjpom industry must get out frPm the 
industry to Interact with \he university in continuing education 
or by pres^ting seminars on campus. The figure also shows how 
both the industrial and faculty advisors have input into the 
students' education atod how technology transfer can be enhanced if 
the student moves back and forth between industry-and the univei^ity* 
.There must be feedback to the university via all three'^ln^mbers of, 
the team if transferf^of t^fechnology to other students and faculty / ' 
not involved dn the^V^rticular effort is to be maximized* 

Figure 4 shows that the focal point is an engineering project 
of^concern to /he industry.- This must be the focal point if this 
mechanism is to work. The need and desire to solve an industrial 
problem is the "lubricant" tTiat will keep the "bearings from 
y-^S^ freezing". Without itr "technology transfjsr" is a'good thing to 
talk about - like the weather, but naturally nothing much will be 
done about it. The focal ppint must be ^n industrial problem about 
* which the mechanism revolves and- if it infVOlves a team effort as 

suggested then * technology transfer will automatically be a matter 
of course. * . 

An internship program, in a medical settirtg, involves a 
1 "hospital"' or "clinic" . f The engineering internship program does 
too, as shown in Figure 5. In tlhis case the university jrersearch 



•laboratories and facilities can ^er\le this purpose when after* a 
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particular problem has been diagnosed in industry, it can be 
further "operated on" at the university. 

Figure 6 shows a work study plan (similar to a co-op 
arrangement) where it is suggested that a student alternately 
spend 6 months in industry and, 6 months at the university. This 
means that a student's study program would be extended by one year. 
The program is intended for students entering ^their senior year 
and fo^ graduate students. University credit would be given for 
the . engineering research work of the students. 

In Order to impleinent the program financial support is needed 
as shown in Figure 7. To attract the better- students to the program, 
and to convince them to delay their degree schedule by one year, an 
extraordinary incentive is needed. NSF would support the student 
while in ^ school with a substantial fellowship.. Industry would 
support the students while at work there, and also would support 
the facility workihg thete too " for they need an incentive too. 
The uniArersity, of course, supports the faculty In their teaching 
duties ^nd provides facilities for education and research. 

Michigan Tech proposes the engineering internship program as 
an experiment for 5 years. This period is considered a minimum in 
order to collept enough data for. evaluation purposes. In this* 
regard, critei?^ will have to be established for measuring the 
success of th€^!{^periment . , . ^' 

It is bfelieved that this program has the potential of adding ' 

"professionalism" to the Engineering education|, by providing the 

I 

opportunity of a professional engineering educjation within an 
existing engineering schoo], without building af separate professional 

32 ' 
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f IGURE 7 
. SUPPORT 



NSF - EDUCATIONAL SUPPORT FOR STUDENTS WHILE IN 
SCHOOL - FELLOWSHIPS 

INDUSTRY - SUPPORT OF STUDENTS WHILE IN INDUSTRY 
- SUPPORT OF FACULTY WHILE IN INDUSTRY 

UNIVERSITY.- SUPPORT OF FACULTY AND FACILITIES TO. 
EDUCATE STUDENTS 



X 



school- The students selected for inyolvement in the program 
will truly be the professionals, but the "feedbacTc" and "spin-off 
to other students and faculty should enhance the professional 
character of the engineering education in c(eneral* 

i 
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REPORTS -ON TRIP TO GERMANY 

a by " . 

^ K. J. Weinmann A, ^ 

J. C. Gerdeen , ' 

Introduction ^ 

V 

Two reports on the trip to Germany taken by tlie authors as 
part of the NSF backgroj^nd stuia^" of university- industry inter^tion 
are presented. The first; an introductory report, describes 
briefly the institutions visited, contacts established, and the ' 
types of activity observed. The second report attempts to provide 
an in-depth description of engineering educatiion and research at 
the university with Emphasis on the area of manufacturing. This ^ 
report puts the obsei^vations of th^ introductory j report in perspec- 
tive, ^and clarifies tlrfe practices descrilfed, and organizations 
mentioned ih it. ' ^ ^ 



^ INTRODUCTORY REPORT 

A- Visit to the Technical University of Berlin - October 16, 1973 

\ * ; 

1. Persons c6htacted: 

Prof. Dr.-Ing. Gunter Spur, Director of Institut fur 
Werkz^ugmaschinen und Fertigxjingstechnik (Department of 
Machine Tools and Manufacturing) . 

i 

t*rof. Dr.-lrig. Rolf Clausen, Assistant Director. 



Summary of visit:^ " ' ' ^ 

^" '^i^i^.^ad^ition to the two professors in the department, 
'there are 40 "wissenschaf tliche Mitarbeiter" and "A§sistenten 

{scientific co-workers and assistants) who are doctoral 

' ' 'ft. 

candi^dates w]tio have their Dipl. Ing. degree." 

' The research areas of the Instit^fft are ^our in number: 
I. Machine Tools and Metal Cutting 

II. . Programming of Machipe Tools 

I 

III. Control Theory 

IV. CAD - Computer Aided Design 

•Some of the projects lander these areas are, ^r example: 

la. Thermal deformation of machine tools (chucks) 

lb. Therm[^l aspects of clutches ^ ' 

Ic, Dynamic behavior of grinders (threading) 

II. Development of Computer languages: ^UTODEC# 
EXAPT, COMPAC (automatic drawing) ^ 

III. Developments of controls: NC, DNC, CNC, AC 
(Adaptive Control) ^ 

The university is leading industty in computer controls 



Indus txi 



and in fact is developing control techniques for industry.. 
Two^-iSt^e industrial firms they work with are Siemens and 
AEG, These coijipanies furnish the Institut -with their com- 
puters. There are about 40 sponsored research projects. Of 
these, 1/3 are sponsored by the government, 1/3 by industry. 



^ and 1/3 are co-sponsored by matching funds from govemmmt 
and industrial groups . ^ ^ * 

B. Visit to Technical Univej^^-ty^ of Stuttgart - October 18, 19, 1973 
1^ Important people contacted: 

Prof. Dr.-Ing. Kurt Lange, Director of Lehrstuhl und 
Institut fur Omformtechnik (Institute for Metal Forming) ? 
Dipl . -Ing^^ P^* Noack, Assistant Directo:?^ Eor Teaching? 
Dipl.^'Ing^. G. Schroder, Assistant/Director for Basic 
^ — ^ \Research; Dipl-Ing. E. Dannenmann, Assistant Director for 

o ■ ■ . 

— ^Applied I^esearch. ' ^ ^ ' . 

r, * Ai 

Prof. Dipl.-Ing. .Karl Tuf f entsammer , Directoi:? and Chie 
' E^gijieer Dr*-Ing. C. M* Lang, Institut fur Werkzeuginaschinen 
(Dep^^rtment of Machine 'fools) * 

Pro^ Dr.-Ing. Hans-Jurgen Warnecke, Direcitor? and Dipl.- 
Ing. H. Lang, Institut fur Industrielle Pertigung und '''^ 
' Pabrikbetrieb (Industrial Engineering) . 

Prof. Dr.-Ing. H.^^^abe, Dean of Pachbereiche fur ftaschinen- 
bau (Department or College of Mechanical Eii^ineering - 
includes above 3 institutes) . 

Dr.-Ing. J6r<r Eisenger* Institut fiir St^euerungstechnik der 

Werkzeugmaschinen und Pertigungseinrichtung^n (Department 

' ' ^ ■ 1 

of Machine Topi Coriirols and Manufacturing Control). • 
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2. Suramary of visit: / ; • ' ^ i ^ 

Lan^e*s institute has 22 doctoral candidates , fo\ir^ 

machinists,, two research technicians , a librarian, an 

\^ instrtimen^^echriici^n, t^o secretaries, on^ draftsman, 

vjanl^tor, electrical technician, mei^allographer - and a ^ ^ 

photog^ajfcer . " ' ' ^ 

There is a Council f6r Cold'Forming involving Universi- 

ties^ and ihdiistries- " but he^v^ wit]^ indULStrial i;^presenta- 

tioix/^ There is also a councKl for «heet meta^ forming. 
^ ^ - - . * * r 

T8iis body estal^Xished a lAto^^to^y for sh'feet metal ,worKing 

at the Institute for Metal PorpfSlng. ^ \ . 

" State Support is used^to operate the school. 60-70% 

of research suppoj^t comes from the g overnmejit , Jjixp^atgl^ dPG, 

" 3-5% from indtjjfetry, 5-7% from an Asso<^^ion of Machine " ' . 

Tool ' Manuf acturers, an<f 15-20% f^om AIF - an.^ industrial? 

group with matching funds fBOm gfavernmerit.- 

Research activities, at the Ijistita^te for Metal forming 

.include projects in extrusion, upsetting, heading^ coining, 

flofw turning, deep drawing, stretch drawingl 'bending, 

cutting, chopping. Work materials include' zinc", stainless 

steel, titanium, and superplastic alloys. ^ 

Visit to The Tgchnigal University of Hanift>ver , October 22,23, 1973 
1. important people contacted: f ^ ■ ^ ^ * 

Dipl./-Ing. Nagel; Dr.-Ing. Liebig - Chief Engineer, Lehrstuhl 
un4 Insfeitut fur Umf ormtechnik und Umformmaschinen. (Prof. 

h "33-. 



Dr. H. Bugler is retired.) Dr.-Ing. Meyer-Nolkemper, Head 

FGS - Forschungstelle Gesenkschmieden (Dr^p^ Forging 
;Resejarch| Institute) . 

Pros. Qfir^-Ing. Hans Kurt Tonshoff, Lehrstiihl und Institute 
fur j Fei:tigi]feigstechnik und Spanende Werkgeugmaschinen . 

Meyer-Nolkemper is actually employed by the Drop-Forging ' 
Association ^ but his research group has also been ad- 
ministrated by Prof, Buhler. 



Prof. Dr.-Ing. H. Kettner, Lehrstiihl fiir Arbeitmaschinen 
und ^FabrikanTageTi^ f Industrial Engineering and Pro^iuction) . 

Suminary of visit: ' ^ ^ 

The Drop Forging Re'*search Institute, FGS, which is ^ 

associated with' the Institute for Forming and Forming 

Equipment, is funded 5D% by the oi^op Forgers Association ' ^ 

and 50% from DFG and AIF . 

Research areas' in Metal Forming aret Material 

properties (flow stress *of metallic materxa|ls); cold 

forming - ^sheet metal (bending, rolling, high energy r^te 

forming) drawing of wire, rod, and pipe; l^t forming - 

forging > extrusion, HERFj heat treatment methods; behavior 

. • 

of machine tools of forming. 

t * - 

There is also a Federal Material Testing Lab (Amtliche 
Mater ialpriifanstalt fur Werk^euge, Werkgeu^maschinen, und 



"I . • ■ - 



I 

(p j 

t 



Umf ormtechnik) in Hannover closely connected with tjie . 
^university. JPhree institutes havfe^ ^eh appointed to con^^ict 

%,g.-^iebig is di] 



the lab for the ^ov^pninent .-^ Dr^,-^iebig is director. The 

J' 

lab is concerned with grinding wheel safety. There are 
various safety assurance labjp throughout Germany. 

There are 17-18 co--w6rkers .in Tonshoff 's institute, ^ 
and 12 support staff. Six co-workers are fuaaded by the 
state - the others by outside support. Support by individual 
^ industiries is 15%. Support by associations is more than 15%. 

5ome projects of interest in Professor Tonshoff's in^ 
stitute are: Computer study jof wear profile^f grinding 
wheels, residua^ stresses after Machining by electro- 
chemical removal, wear of wire saws for cutting rock, a 
' constant strain-rate cam djciven testing machine, isurface 
finish 'studies in turning of austenitic stainless steels. 

D. Visit to Technical University of Aachen , October 25,26, 1973 

1. Important people contacted:* 

Dr.-Ing- Hans Grabowski, Chief Engineer - Laboratorium fur 

^ It ' * 'j ^ 

■ Werkseugmaschinen und Betriebslehre. Prof. Dr.'^Ing- Walt^^r 

Eversheim, Lehstuhl fur Produktionssystematik, 

2. Summary of visit: 

, Dr. Opits* institute is now headed by, three chairs 
with three young professors - recent graduates of Aachen. 
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^ The othier two chairs of the institute besides 

I 

Eversheim's are occupied by Professor Dr.-Ing. W. Konig - 
Lehstuhl fur Technologie der Fertigungsverfahren (who also 
functions as ' administrative director ),* and Prof. Dr.-Ing. 
M. Week - Lehstuhl fur Werkzeugmaschinen . 

The lab has 3S0 staff with 100 co-workers - 40 of these 
are doctoral candidates. 

Research activites under the chair of Manufacturing 
* t>rocesses; Machinability of conventional and exotic 

materials, and tool life studies using a systems approach 
{turning, milling, drilling, grinding) ; Grinding (especial- 
hij^S^^^eed' grinding) ; Non-conventional machining (EDM, ECM) ; 
Dev^elopm^nt of adaptive control systems (ACC, AGO); Types 
' of* activity similar to those observed in Berlin. 

E. " Visit to DgMAG A.G. , Duisburg, October 30, 1973^ 

1 , Person contacted : ^ ^ 

if 

Dipl.-Ing. Scherf, Director of Technical Services 

2. Summary 6f visit; 

Mr. Scherf reinforced the impressions we got while 
visiting the universities. .He confirmed that excellent 
relations exist between universities and industry. He is 
satisfied to let* the universities take a leading role in 
the type of research and development, which in the U.S. is 
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generally cgnducted by industry itself. He likes the idea 

T 

of R&D being sponsored and/or carried out by a consortium 
of indufstrial firms, who share the results. Philosophy in 

4. - 

Germany appears to be ^that proprietary aspects must take a 
back seat to cooperatioi^ ^ith regard to the engineers 
currently iturned out by the technical universities, he has 
nothing but the highest praise for tliem and their qualifi- ^ 
cations. Mr. Scherf would like to be kept informed of our 
continuing efforts. * 

Visit to the BMFT - Federal Ministry of Research and Technology - 
Bonn, October 31, 1973 

1* Person contacted: 

* Dr. rer. nat . M, Kramer ^ 

2, Summary of visit: 

Research and Technology holds the purse strings, 
establishes research needs, and dispenses funds accordingly. 
Moneys go to DPG, industry (on a matching fund basis), 
the Max Planck Institute (basic research), Praunhofer 
Society (applied research), federal research institutes, 
etc. It appears the universities may be Yunded directly 
also, but generally federal moneys r^ch them indirectly 
through ^DPG and industry, for instance. In the casQ of 
the important areas of NC of machine tools and CAD/CAM, 



44 

-37- 



for instance, the funds go first to the Society ^or Nuclear 
Research, which is termed the Project Carrier. It hands 
funds down to the specific area of machine tools which is- 
headed by a Project Associate, in this case. Prof, emeritus' 
Dr.-Ing. H. Opitz, who coordinates this research effort. 
Additional research funding comes fromAIF,*VdW (Machine 
Tool Builders Ass'n.) and the Volkswagen Foundation *f All 
funding agencies inform each dther of their activities on 
a voluntary basis to avoid duplicatic^ of efforts . Hence, 
coordination of research efforts is not only carried out 
horizontally (i.e. agreement among universities) but also 
vertically, by all public and private agencies, * 

Dr. Kramer mentioned that patent and use rights of 
the Government itself are not., yet well defined and under 
continued study. 

Visit to DFVLR - German Research and Testing Institute for 
Aero^and Astronautics -.Location Porz-Wahn, October 31, 1973 

r. Person contacted: 

Dr.-Ing. H. Earth (Gas turbine research) 

2. Summary of visit* 

This federal research effort is carried out in 
different locations in Germany, with several institutes on 
each location. Cooperation is again evident. Involved 



are not only universities, but international agencies frornf 
within Western Europe all the way to NASA. We saw full 
size models of several research and communication satellites 
which were the culmination of international efforts. Cus- 



tomarily, such satellites are heaved into space by U*S. 
rcFckets* 
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GLOSSARY OF TERMS 



- Arbeitsgemeinschaf t Industr^eller Forschungsvereinigungen - ^ 
Cooperative of Industrial Research Associations 



BMFT - Bundesministerium fur Forschung und Technologie - 
Federal Ministry for Research and Technology 

DFG - Deutische Forschungsgemeinscnaf t * 

German Research Association, similar to NBF 

'DPVLR - Deutsche Forschungs-und Versuchsanstalt fur*^ Luf t-und 
Raumfahrt - German equivalent to NASA 



FhG 



HGF 



MPG 



- Fraunhofer Gesellschaft - 
Applications oriented research society 

- Hochschulgruppe Fertigungstechnik - 

University Committee for Manufacturing Engineering 



- Max Planck^ Gesellschaft 

Research society for basic research 



7.. 



VDW - Verein Deut^cher Werkzeugmaschinenfabriken 
^ German Machine Tool Builders Association ^ 
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A. A Brief Description of the Qrganizational^getup of a Gerinan 
Technical University' ^ * 

1. General Structure . ^ ^ - 

The German technical iiniversity functions differently from 
an Aiperica^n university in several respectfs. (See Fig. 1*) [1]. 
The university has neither collegers nor departments in the Anglo* 
^ . American tradition. Instea<^, the basic functional and 'administra* 

tive unit is the Institute' The ^nstitut is more restricted in 
scopd than a department, ar^ yet. its director generally wields 
mpre power than the U.5. department head^ as will be explained 
below. The Institut can best be visualized by imagining an Ameri- 
can engineering department, say a department of mechanical engi- 
neering, being dissolved int6 its'basic components, such as machine 
design> the^odynainics , metal, removal, etc., and. converting eacH 
into an institute with i^ts own administrative apparatus. Mechani" 
cal Engineering would no longer be an administrative unit, but 
would merely remain a descriptive concept. At the University of 
^ Stuttgart, for example, jnechanical engineering is one of 15 aca- 
demic directions (Studi enrich tung en) , some others being civil engi" 
neering, electrical engineering, etc. Naturally , the institutes 
tend to be quite small, and there are over one hundred of them 
at the University of Stuttgart aloj^e. Several institutes are bun- 
died into divisions iFaGhbereiohe) such as energetics, manufac- 
j turing engineering, process engineering; and there are 18 Faoh-- 

bereiahe in M.E. If the division of manufacturing engineering is 

singled out, one finds that it is made up of eleven institutes, some 

/ 

of which do not appear to have a direct bearing on manufacturing. 

50 ' ' ~ 
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ACADET'lIC STRUCTURE OF. THE UNIVERSITY OF STUTTGART 
. WITH EMPHASIS ON flAWUfACTURING ENGINEERING 



STATE MINISTRY OF^ CULTURE 



RECTOR 



SENATE- 



IS MAJOR ACADEMIC DIRECTIONS (STUDIENRICHTUNGEN) : 



AAE 



INFO E 



MATH 

~7 — 



CHEM-MEr 



/ 



ME 



HUMANITIES 
" \ 



PHYCS 

T" 



+ OTHERS 



/ 



18 AREAS Of SPECIALIZATION (FACHBEREICHE). - EACH HEADED BY AJEAN : 



AAE 



MATH 



EfJERGETICS 



MFG 



METHODS 



HUM 



PHYCS 



/ \ 



TV 
/ \ 



/ . 109 l^NSTITUTES TOTAL 
/ I .(26 IN MEK ^ 

/ X ' * ^ 



+ OTHERS 



\ 



X 



X 



\ 



I E 




5 OF.THEll^INSTITUTES OF MANUFACTURING (WITH PROFESSORS) 
DESIGN & PROD. 



X 



IN PRECISION E 




CONTROLS OF 
MACHINE TOOLS 



WARNECKE 
+ 17 ASS'TS 



'STABE 
+ 8 ASS'TS 



LANGE 
+ 25 ASS'TS 



TUFFENTSAMMEfJ^ 
+ 31 ASS^ 



STUTE 
+ 31 ASS'TS 



/ 
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V SECTIONS OF METAL^FORMING INSTITUTE WITH^ASSISTANTS AS HEADS: 

1 





BASIC 
RESEARCH 
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APPLIED 
RESEARCH 
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Those haying to d<^^irectlv with manufacturing are indicated in 
Pig. 1. The Fachbereich is presided over by the dean, who is 
elected from amongst the institute directors of the particular 
division for a two^ear term. AS primus inter pares ^ he has very 
little^^wer. Customarily th§ director is the sole professor at 
the, institute, and^is able to develop his institute according to 
his own, taste, interests, capability, as well as the opportunities 
provided by the prevailing economic needs. It is thus possible 
that some institutes may grow to be quite large, and rival American 
Engineering departments xn size. 

2 . Organization of the Institute 

The professor (institute director) relies on^his staff of 
wiBsenBchaftliche Mitavbeiier and Ae^ietenten (scientific co-- 
workers and assistants) to ahoulder many of the responsibilities 
in the administration of the institute and to carry out and super-* 
vi3e research. They act as heads of sections such as instruction, 
applied research, basic research, and administration as is the 
case at the Institut fur VnfoYmtechnik (Institute for Metal 
Forming) of the University of Stuttgart (Pig. 1) ^ for example. 
Different institutes have different sections according to their 
missions. The assistants, in tjjj;n, may have assistants of their 
own, who are usually students pursuing the Diptom Ingenieur ^ * 

(approximately equivalent to the M.S.) . In addition, there is an 
impressive support staff, which includes secretaries, machine shop 
technicians (usually 3 to 5) , draftsmen and designers, and if need 
be, metallographers , and photon lab persoIHTC^^ 

52 



X7 



3. Qualifications of Institute Staff 

The director of the institute, who en;]oys the academic title 
Ordinarius ,.(0. Prof.), is called by the university to fill the 
vacant chair of the institute. More precisely, the university 
makes a recoirmiendation, and the call is issued by the ministry of 
culture of the state which supports the university,. This act in 
part explains the power of the Ordinarius within the university: 
He is hired and paid by the state, and not the university. In 
engineering, tha call will usually go to a professor of another 
university, or a highly successful engineer in industry. For 'an 
engineering professorship, several years of industrial experience 
gained in a leading industrial position are a requirenient. It is 
customary to pick a man with a doctorate, although this does not 
appear to be a requirement. He is a recognized leader in his 
field, one of the foremost expferts in the area of emphasis of the 
institute. Before an interested candidate accepts the^job, he 
enters into negotiations with the state, in order to lay down his 
conditions. /He will negotiate for ^ney to^build up the institute, 
library funds, etc. If his conditions are met, h©\ takes the job. 
It happens, on occasion, that the negotiating parties cannot get 
together, in which case a different qandid^e must be found. The 
professor is a civil servant, and thus has tnfe ultimate tin job 
security. 

The wieseneahaftliahe Mitarbeiter and Aes'istenten generally 
have . their Dip lorn- Ingenieur and . are candidajtes for the Dr . ^Ing. , 
the equivalent to the Ph.D. There are assist^lits,^ however, who 
have completed their doctorates. Although assistantships can be 



compared t6 assistant prbfessor^ips, Jihey are not pe^rmaneht. It 
should be emphasized that mpst German doctoral candidates in- * 
engineering, unlike their U.S> counter5)arts, are n<|t considered 
to be students. Tfiey have no cpttrse requirements,/^ and the attain^ 
ment of the degree is solely dependent upon the dissertation. 
Some* assistants b.ecome so iiwolved with instittite work, that they 
never complete a dissertation. In this case, the years spent at 
the institute are not considered to be lost, oh the contrary: 
the assistant has had the tihance to build Tiis visibility with in- 
dustry* and hi,s administrative and engineering activities have 
made him highly (desirable to industry. Besides^ throughout, his 
tenure as assistanl:/^ he is paid according to the industrial pay^ 
scale, i.e. about $1,000 per month. 

4. Financin^_of the Institute ^ . * 

The institute receives its operational budget directly from 
the state. This supports the director, a few of his assistants, 
the support staff, office supplies, etc. Additional assistants 
are funded from research. Research support^ comes from government 

as well as industry, as explained below. Machinery in the labora-^ 

\ ■ * * 

tories is given or loaned by industSry. In fact, machine tool ' ^ 
manufacturers are eager to place their hardware into uQiversity 
labs for advertising purposes. Industry is also occasionally 
asked to donate materials and supplies not budgete<fl 

- r ■ 

5 . Teaching at the Institute 

In general, lectures are the responsibility of the OrdinaTiuB. 
This certainly applies to required courses and consequently to"'' 



courses contained in the options. {See Part B for explanation of 
options.) Assistants are involved in preparation and updating of 
. lectures, ho\frever, and lab instruction and supervision is their 
responsibility. It is standard practice to invite guest lecturers 
from industry, who will discourse on their areas of specialization. 
They may teach for an entire semester, or come for ^ day only. 
There exist different types of these professors and lecturers, ^nd 
it is beyond the scope of this report to idevote time to the de- 
scription of the differences. Suffice it to say %hat none of them 
have the status of the Ordinarius . 

It should be emphasized at this point that engineering educa*- 
feion is Very much applications-oriented and generally geared so 
that ^he graduate from the Institut can be productive immediately 
upon entering industry. This is bf course due to the industrial 
exposure which' the professor bfings with him to the university. 
He alsp brings with him good contacts in industry, and companies 
provide the institute with research contracts (see below) . Since 
this type qf research will necessarily be of the applied t/pei, and 
since research affects instruction,, engineering, education has 
^' assiuned its applied flavor. I^ustry, has a high degree of appreci^ 

tion ?br A engineers .tutned out' by the universities, and" has 

* ' * 

come ttj expect from the universities that they, continue tq produce, 
engineers of this ^ality. . . 

Cooperation ajmong institutes appeal to be widely practiced 

r 

and th^re is little evi<;ienc(e of a "go it alone" attitude. If 

feasjLble, and whenever practical, they s"k are facili1:ies, ai^ they 

, draw upon each others ' expertise to provide their -students >tHrth a 

f*- 

> • ■ ' 
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well-rounded engineering education. The curriculum for metal 
forming, for instance, ♦which will be described in a. later section, 
placeg considerable emphasis on materials science in recognition 
of the fact that material properties as well as mechanical aspects 
p3.ay a major role in the processing of metalsC Material science, 
however, is offered in tHe^Institute for Metallurgy .-^^^ — 

If the need arises, institute staff members are rectuited 
from different areas* As an example, control of^machine tools 
involves considerable electrical engineering know-how. It is thus 
significant that generally about half of the assistants working 



in this area are electrical engineers. \\ In fact, the director of 
the Institute for Control of/Machine^o6l3f^at the University of 
' Stuttgart (Fig. 1), is ah electrical engineer himself. 

Jtfy -and large, good and fruitful relations are cultivated 
betjween/^he professor and the former student now in industry. 
This of course is instriunental in maintaining the intensive 
-university/industry interaction generally found in Germany, which 
is enlarged ypon in the. section dealing with research. 

B . Education of an ME Student Specializing in Manufacturing 
Enga>neerxng at a German Unxversxty 

1. Qualifications of^ Students 

t 

Graduation from high school (Abitui^) , which ends 13 years of 
primary and "secondary schooling, qualifies the student for a uni- 
versity education. He brings with him^^^^&ubstantial exposure to 
liberal arts (world history, art and mtisic appreciation, philosophy, 
rhetoric) including the knowledge of at least one foreign language. 
Generally, he has a working knowledge of English and/or French. 
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Th^ engineering student is therefore not required to tak§-^ny 
coursework of this type, but will start out with science , courses 



immediately instead. He generally has had math throisgh calculus ^ 
physics, and chemistry. The fact that he has had one additional 
year of pre-university schooling than his U.S. counterpart in 
conjunction witn a more demanding high school education usually 
puts the German nigh school graduate at the beginning Junior level 
of a U.S. university/."^ For a more detailed description of high 
sghool education iti Germany, see [2]. 
^ \ 

2 . Praetllcal Experience- iPraktikum) 

Before he can obtaiTi his degree, the engineering student is 

required to spend at least 26 weeks in industry in order to gain 

» 

some practical experience in his area. Evidence of 8 weeks must 
be presented by the student at his matriculation [3]. 

The purpose of^ t^e experience is for the M.E. student to 
acquire knowledge of the origin and refinement of Workmaterials 
as well as their fabrication, and to gain an understanding of the 
product, i.e. its structure, and how it functions. The student is 
not expected to develop skil]^. The student is also to become 
familiar with organizational\aspeGts of industry as well as the 
attitudes and behavioral patterns of workers. 

The experience the student gains should be structured as 
follows: 

1. Manual working of materials , 

2. Work with machine tools metal cutting and forming 

3 . Model bui Id ing , foundry 
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4 , Heat treating, welding 
ys^^ Measuring, testing, quality control 

6. Assembly and repair . d 

The responsibiiity for training the student lies with the 
companies alone, the universities provide the guidelines only, 
and exercise no control. It is recommended that the student work 
at mor^^han one company. 

The remuneration of the student generally is marginal to non- 
existent in the initial phase of the program. After he has 
attended school for a number of semesters f and can be productive, 
his pay is increased. 

The student is required to report on his activities # observa- 
tions and experiences in writing. He is expected to present proof 
of his training activities to the university, and the company 
issues him a report card for this purpose. 

s. 

The Zurich Model [4] - The conventional Fraktikum described 
above has come under attack by the universities since a lack of 
control by the educators over the program has resulted in non- 
uniform trailing among students. Some companies take the Fraktikum 
more seriously than others, but some individual supervisors may 
fail to do a good job. 

I 

In answer to this situation, German technical universities 
are taking a closer look at the "Zurich Model", a more efficient 
version of the conventional Fraktikum introduced at the In$ti$ut 
fur Werkzeugmaschinenbau und Fertigungsteahnik of the Technical 
University of Zurich, Switzerland. Special features of this pro- 
gram include briefness - 18 weeks as opposed to 26 for the 
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conventional program ^ and greater efficiency; although the 
objectives remain essentially as outlined ^bove. Efficiency is 
achievec^ by conducting the Fraktikum in two parts: 1, Th^e is 
a structured course of 6 weeks duration with only enoughr flexi- 
bility to allow for varying facilities or capabilities aijiong 
companies. The course is run by industrial instructors on location 
in' industry, with ^ many as 8 students per class. The instructor 
himself is trained by the university. 2. The balance. of the 
Fraktikum is spent in free, unstructured training of the student. 

The reaction to this experiment ^by the participants* is re^ 
ported to be generally positive, and Swiss industry has taken on 
the a^ded financial burden with no hesitation. 

The Fraktikum may lead to additional summer employment for 
those students interested in gaining further experience and 
supplementing their income^ Co^op programs, on the other hand^ as 
they are practiced in the United States^ apparenferly do not exist 
in Germany. 

3. Curriculum 

The description of the academic program which follows is 
bas^d up6n the curriculum of the University of Stuttgart [1,SJ, It 
has been found that the other engineering schools in Germany follow 
the same pattern of engineering education, thus presenting a 
specific program as -example is justified. Academic standards do 
not vary to any extent among engineering schools, so that ^'transfer 
between universities involves few complications. 

The goar^of the entering student is to obtain the degree of 
Diplom Ingenieurt the first of two possible academic degrees. 
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The sec6nd degree is the Doctorate (Dr.-Ing.)^^ The Diplom In- 
genieup corresponds roughly to the M.S. in the U.S., as indicated 
earlier. 

The academic program falls into twdjparts (Pig* 2) , each of 
whj^ch requires a comprehensive examination. < The first part covers 
four semesters of general course work, common to all ME programs, 
which provides the istudent with a theoretical background (Table 1)* 
One major and several qninor plant trips are also included. The 
student must pass the comprehensive examination covering this 
material to complete this, phase. Only then can he get credit foif^ 
the remaining semesters, and complete his degree work. 

Prom the fifth semester on through the eighth and beyond, the 
student is pursuing a major {Studiengang) of his choice, sayv?^ * 
jnanuf acturing engineering. Within this category he has to select 
two options {Hauptfaaher) consisting "of a number of courses each \ 
(14 semester h(burs)"yand six required courses iPfliahtfaaher) of 
four semester hours each. The areas of specialization in M.E. 
are given in Table 2, and the options and electives in manufac- 
turing in Table 3. ^ * 

Within each of the two options, the student selects a number 
of courses. The six required courses, which can be called elec- 
tives ^ are above and beyond the courses containe^d in the options. 
Specifically, a course is" to be selected from each of thfe six" 
areas listed in Table 3, provided ta choice exists.' 

Comparison with Pig. 1 shows tmat each of the options repre- 
sents a different institute, as do the elective areas. 



60 

-53- 





CURRICULUM LAYOUT IN MANUFACTURING ENGINEERING AT UNIVERSITY OF STUTTGART 



SEMESTER 


1 


2 


3 




5 6 '7 8 


9+ 


PARTS 
OF 

ACADEMIC 
PROGRAM 


BASIC BACKGROUND 
COURSES COMMON TO ALL M. E, , 
STUDENTS 


SELECTION 0? TWO OPTIONS FROM: 

1, materials processing (forming) 
•2: controls engineering 

, 5r ■ MACHINE TOOLS 

'4, INDUSTRIAL ENGINEERING 

, ^ PLUS'S.IX ELECTIVE COURSES REQUIRED 


* 
* 


EXAMS . 
















Intermediate 
comprehensives 
(Vordiplom) " 


. ^' : ■ 


Final 

comprehensives 
(Diplom) 










PROJECTS 




Seminar PreseFitation 

Plus Major Technical pRojfci 

In Each Of The. Two Options 


r 


DIPLOM 
THESIS 


LABS 


Mat'ls 
Testing 


Physics 

Mat'ls 
Testing 


El-ectr, 
Engg. 

1 




One Laboratory Consisting 
Of Ten Experiments In Each ^ 
Of The Two Options 
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Fig, '2 



CURRlCULUfI FORj FIRST FOUR SEMESTERS FOR' MECHANICAL ENGINEERS 

(university of STUTTGART') 



Introduction into Mechanical Engineering 
Introduction into Law 
Economics ^ 
Introduction into Studies jOF Engineering Sciences 
Design of Machine Elements & Strength of Materials 
Advanced Mathematics 
Mechanics , . - 

Thermodynamics 
Descriptive Geometry 
Electrical Engineering' 
Metrology \ 
Physics 

General Chemistry ^ 
Material Science 
Manufacturing with Plant Visits* 

Semester Contact Hours up to Pre-Diplom 



CURRICULUM FOR AREA QF SOCIALIZATION 

6 EL£CTIVES - 

Project in One Elective . 
First Option 

Project for First Option 
S^EQOND .Option 
Project for Second Option 
DiPLOM Thesis 



SEMESTER HOURS 

.2 
2 

2 

21 
^ '21 
17 
6 

. 8 
S 
9 
2 
5 

A 



Total Semester Contact Hours 

Table 1 
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20 
6 

20 
6 
6 
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8 AREAS OF SPECia^ZATION IN MECHANICAL ENGINEERING 

r (university of STUTTGART) 

Energy En^ineerjng ^ 

Engineering Physics 

Traffic Engineering 

Manufactm^ing Engineering^ 

Precision Engineering 

IlACHiflE Design 

Methods ^^gineerxng' 

Process^ Dynamics and Process- Control 

^ \ r ■ , 
-For Machine Design^ for example^ typical courses are: 

Strength of Materials 
Maghine Dynamics q. 
Vibrations, . i 
Transmissions ^' 
Hydraulics 

Industrial Engineering * 
Theory of Automatic Controls 
Heat and Mass Transfer 
Data Processing 
Machine Tools 

Plus two options^ in which one or tjhe other of these 
courses may already be contained 



Table 2 



OPTIONS IN MANUFAGTURING ENGINEERING 

(university of STUTTGART) 



METAL FORMING 
AUTOMATIC CONTROLS ' 
MACHINE Tfc > 
INDUSTRIAL ENGINEERING 



6 ELEpTIVES chosen from: 
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1) & 2) Jk. i Metal Forming 

B. Introduction to Controls Engineering 
Automatic Control of Machine Tools 

c, Machine Tools 

D. Industrial Engineering 

3) Metrology 

4) . Science of Metallic Materials . 
6 Strength of Materials 

5) "Computer Lab & Numerical Methods 

6) A. Manufacturing Methods of Precisiow^ 

Engineering .» 

B. Machine Dynamics 

c. Vibrations 

D. Automatic Controls 

E. Information Theoj^y 



Table 3 \ 
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, The coursework of the second part is specialized, of course, 
and is intended to provide the student with the opportunity to 
gain in-depth knowledge of selected topics. This i& particularly 
true of the options. In each of the two options and in one of the 
six electives, the* student is rc::^uired to car^y out a. major 
technical project. In general J^e- is to work independently and is 
to sxibmit a report describing his endeavors and findings^: He thus 
has three reports in total* As an example, the^a^udeiTtt could in- 
volve himself in a design project for one of these projects. A 
seminar-£ype presentation is to be made of one of these projects. 
Each option also inc^ludeS a lab course with ten experiments. ^ 
Tables 4 and 5 show options in metal forming. One is pri- 
maarily applications (production) oriented (Tabla 4), tl^ other 
stresses basics. A comparison of these options reveals a few 
interesting features. The production option heavily stresses 
macl>ine tooVs and topics related to controls of machine tools and 



autoirta«JM< The fundamentals option, on the other hand, is more 
theoretical in nature, and places substantial emphasis upon ^ ^^-^ 
materials. It is cl^ar that in each case metal forming is pre-, 
sente^^n context with a larger picture. The production-oriented 
engineer is interested in the process itself, and is thus involved 
with machines. The engineer dealing with basic aspects of forming 
is concerned more with the behavior\of materials, in addition to 
the processes.' 

The student has two jnore efforts left to fulfill the require- 
ments of his degree." These are the final comprehensive examination, 
and the Diplomarbeit {comparable to M.S. thesis) . He must have 
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il. Option "Metal Forming - Production" at the Institut 
fOr Umformtechnik. University of Stuttgart 

4 semester hours 
uirements: 

Fundamentals of Metal Forming 6 

Machine Tools of Metal Forming 2 

Special Topics. in Forming Processes 

regarding production & envelopment 2 

b. 4 hours to be selected from 

'^EciAL Forming Methods ^ 1 

Th£ory of Alloying - Nonfbrrous Metals .2. 

Controls of Machine Tools ^ 4 

Machine Tools 3 

Systems Engineering " ^ 2 

Automation ' 2 

Statistical Quality Control 2 . 



C. Second Option from 

Automatic Controls, 
Machine Toots 
Industrial Engineering 

D, Recommended Electives 

(^.2. ELEeriVE from areas not selected as Option 
3. Material Science 
^. Computer Lab & Ni/merical Methods 
Elective from Approved List 

Table ^ 
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II. Option "Netal Forming - Fundamentals" at the I 
furUmformtechniK/ University of Stuttgart 



A. Requirements: 

Fundamentals of Hetal Forming 

^ALYSts OF Forming Processes by 
VXhiEcfftY OF Plasticity 

Machine Tools of Metal ForIiing 
b. 5 hours to be selected from 



Special Topics in Forming Processes 



Materials Science 
Strength of Materials 
Theory of Wear 

Jheory of Alloying -^Nonferrous Metals 

Theory 'OF Alloying - Nonconventional 
Metals ^ \ - ' 

Systems Engineering 

Advanced Mechanics 



Computer Lab & Numerical Methods 
Materials Science 



Science of Plastics - 
Strength of Materials 
Plus ElectiVes from Approved List 



6 - 

1 
2 

2 
2 

2 • 

2 

2 
2 
3 



SEMESTER HOURS 




C. Second Option from 

Manufacturing Topics 
MatPrTals 



D. Recommended Electives 
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passed the ejipmination before he can g'^t credit for the .Dip tomarbeit 
The examination covers both options*^^^^the elective courses, and 
the three projects and the thesis are evaluated as part of the 
exam» His thesis work is carried out in one of the options. 

Since the projects and the thesis are quite time consuming, 
. it is unlikely that the student will finish in four years. The 
more frequently encountered norm is six years. 

When tTie student leaves the unil^si^, he is a licensed pro- 
fessional engineer, for his Diplom is his professional engineering 
c^^^tif icate . ^ 

C. Research in Manufacturing Enginsjering 

^ Research at the university cannot be considered without 
observing the research picture in Germany as a whole. Th^^*e J 
exists a high degree of interdependence between university, xn- 
dustry, and federal government regarding research effotts. As we 
ej^and into this s^ject, it might be of interest to stkrt out by 
indicating briefly th^ agencies involved in research besides the 

universities, regardlerss of the research thrust. ^ ' 

[ ^ ^ 

1. Research Organizations ^ 

Max Planck Gesettschaft (MPG) , [6] - The 52 institutes of 

the Max Planck Society restrict their efforts to basic research. 

They specialize in tasks which have to be carrie4 out outside a 

,■ ■ ^ .^^^ ; * 

university, and which ate preferably concentrated in one location. 

■ ■ V*"^ ■ 

Nevertheless, close ties exist betwe^ the Society and university 
research, as evidenced by frequent shifts in personnel in both 



directions, and cooperative research endeavors . Due its 
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achie^ments , it enjoys an excellent worldwide reputjition. For ^ 
example, one of the recipients of the 1973 Nobel Prize in Medic^ine 
is a membei: of the Max Plancjc Institute of Behavioral Physiology. 
Federal and State governments provide about 90% of the budget 



of thQ Society, the balance coining from industry and researc^h 
contracts. 

Fraunhofer Gesellsahaft (FhG) , [6] - This Society serves as 



X 



agency admii)i^stering ap^L^ed researcli. ThxXs it can be^onsidered 
'to be the applied counterpart to the MPG , " and fill's the ^ap be^* 
'tween MP'fc and industrial research. Its 30 insti/fcutes and research, 
groups carry out researqh contracts from industry and government 
in addition to their own projects. . 

'Funding ^.s^T^^ovided by the Federal Goverilin6nt , s^ate govern- 

/ 

ments, and the priJvate "sector. ' - | 



Cooperation >with universities is close, and a nmnber of i1 



X institutes are att^hed to university institutes. For example, 
tl^ FhG Institute for Production MethocJs and Automation is 
attached to the Institute of Industrial Engineering, University 
of Stuttgart. . . * * 

• One of the institutes of the' FhG deserying^ special attention 

i . ^ ^ - 

is the Institute for. Systems Technology and Innovation Research, 

ISI, 4tfhich was founded in 1972 [7]: It concerns itself with 

1. technology assessment by dynamic simulation, 2. innovation. 

research analyzing the mechanisms of technological progress, as 

conducted by MiT, Harva^^d, Stanford Research Institute, A. D. 

Little,^ etc., in the U.S., for example, and'3. technology transfer 
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limed at developing certain goods and services, as promoted by 
S the ExpeJi^mental R&D iDcentives Program of NSP in the U.S^T, f6r .. 
example,' i^ 

' Arbei tsgemeinsahaft Indus trie Her Forsahungsvereihigungen \ 

\ 

(AIP) [8] - The consortium of Industrial Research Associations 
coordiTiates the research efforts of 35 or so member associations 
representing industry, whose research interests ar6 ^strictly of an 
J' apEJlied naturp. Research contracts are awarded to research insti- 
ttf?es iikie \hose of the PhG and the universities. Associations 
particularly important to univers^y inst:it^utes conducting research 
in the ayeab^ of metal iutting> machine tools and control of machine 
tools are ^h^Geriivan Machine Tool Guilders Associatipn (VDW) and 
the Research Association for .Program Languages of Manufacturing 
Systems* ' * ; 

Funding is provided by industry, of course, with additional 
moneys supplied by the'^ Ministry of Economi< 

f Deutsche 'Forsahungs-und. VersuchBdnsta^ fti^r Luft-^und Raumfahrt 

(DPVLRI , [9] " The Pederal Government sponsoj^ a number of major 
, ^ high-expenditure research projects, which are generally carried out 
by the MPG, universities and industry. These include the nuclear 
research program,^ata processing program, and the aerospace 
program. Th^ latMr is of interest, since it is the only program 

with its own research organisation, the pFVLR, the German equivalent 

♦ * 

to NASA. This organization consists of 40 research institiites 

S 

which are funded by Pederal Government, state governments, and 
tliird parties i The DFVLR concentrates on technological R&D, while 

■ ■ ■ , .'10 
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the MPG and universities conduct basic aerospace research. The 
cooperation >€tween all of th^se groups is, of course, quite close. 

2. Agencies gro^^dingi^esearch Funding * _[ 

Bunde^sjnii^is^t ForsGhung und Te>ahnologie (BMFT) - 

Basically, research is funded by Federal and state governments, 
industry, or both. The most prominent source is the Federal 
Ministry of Research and Technology, Although a number of Federal 
ministries is involved in providing research funding, such as the 
ministries for- finance, economics, defense, and transportation, 
the overwhelming amount of research, money is appropriated by the 

^ 

BMFT', Formerly all matters regarding reseaiCch and technology were 
administered by the Federal Ministry of Education and Science. 
Recentt^^r^-the BMFT spun off from Education and Science, and es*- 
tablished itself as ait independent ministry, so that Education and 
Science as well as Research and Technology are now both represented 
at the cabinet level, each by its own secretary. The BMFT estab- 
lishes rese^ri^h priorities and needs, and dispenses funds accord^ 
ingly. Recipients are research agencies wh6se projects are funded 

directly due to their substantial financial involvement or mission, 

- r 

such as MPG, FhG, DFVlJfe, and universities.. 



^ DeutBohe FoTBGhungsgemeinsGhaft (DFG) , tlO] The most" impor- 
tant agency supporting the research effort at universities .is the 
German Research Association, the German counterpart to the NSE\J 
This 50 year old organization supports research in all disciplines , 
' especially basic research, basic research oriented towards appli- 
cation, but also applied research. It apparently is not involved 

4 

O -64- 

ERIC 



with major research efforts which are carried by the BMFT 
directly. dfG moneys are supplied by the Federal and state 
governirients in about equal proportions, as well .as industrial 
foundations and others. In '1971, about 95% of the DFG D-Marks 
came from the governments.* The budget has increased from about 
100 Million DM in 1962 ttifabout 380 Million DM in 19^1^ and need? 
of 876 Million DM have been projected for 1974. 

Moneys are appropriated in three general categories: 

a) for individual research projects based on their merit 
\ 'without cpnsid^ation of cyrrent research trends and 

priorities {^orma^,*^#^*^^^2'e7T) ; 

b) for projects whose objectives are in tune with re- 
search programs encouraged by Dsd^^C^^^Jfij^ 

c) for special research areas iSor derforschungsHereiahe) , 
the \qualif ications for wiiich aonsist of research capa" 
bilikles of an interdisciplinary character established 

^ by c^jordination and consolidation*, of scientific man- 



1 



powei and university facilities enabling work on 
specilal projects of considerable magnitude and cost. 

Industrial FoundaticJhs - In relatively .recent years, Indus- 

trial foundations have begun to shoulder some 'of the burden of 

. ^ t 

financing research [6]. The foundation mentioned most frequently 
in connebl^ion with research in the area of Manufacturing is the 
Volkswagen Foundation (Stiftung Vokawagenwerk) * Although the in^ 
volvernent\ of the foynd,ations is modest aS compared to that of the 
governments; their participation in the research efforts of Germany 

4" * 

-has been widely welcomed by research institutions » 



3. Research at the Manufacturing Institut 

1 

Currently I manufacturing-oriented institutes exist at ten 
German universities. Within the field of manufacturing engi- 
neering, strong emphasis is placed upon^ metal cutting, max^hine 
tools, and machine tool controls. All four universities visited 
. were heavily engaged in these activities. This fact has historic 
roots in the establishment of a chair for machine tools and in- 
dustrial engineering at the forerunner of the TU Berlin shortly 
after the turn of this century, as the first chair of its kind [11]. 
This precedent helped to launch manufacturing engineering as one 
of the most important mechanical engineering activities in 
Germany. The research effort in the area of manufacturing can 
best be illiligtrated by the niunber of assistants at the institutes, 
since the assistants generally are involved in research. One fre- 
quently finds upward pf 20 assistants in these institutes (See 
Fig. 1), with as many as 100 at the Laboratorium fur W^erkzeug^ 
maschinen und Betriebslehre , Technical University of Aachen. To 
manuf acturin'^ engineering circles in Germany, this emphasis is 
natural in light of the fact that 10 percent of industry is 
directly involved in machine tool building, and 90 percent of the 
remaining industries' are involved in manufacturing in one form or 
another. 

Since 1937, the majority the manufacturing institute 
directors belongs to the Hoahsahulgruppe Fertigungsteahnik (HGF) , 
the University Committee for MaYtuf acturing Engineering. The aim 
of the HGF is to coordinate research in the area of manufacturing 
engineering and machine tools among the universities to promote 
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scientific work by mutual information, and to cooperate with 
Federal and srtate institutions and industry in the planning and^ 
execution of research projects.. Further coordination of research ' 
efforts across national boundaries is attempted by C.I.R.P. Thus, 
by dividing up the*research effort among the universities, compe^ 
tition for funding is sxibstantially reduceti and duplication in 
research minimized. Nevertheless, , overlap in thS heavily empha- 
sized field of CAD-CAM {computer aided design a'nd computer aided 
manufacturing) is present, as each of a number of schools work on 
different systems to accomplish similar goals. 

Interestingly enough, ^fth^re is no recognized quality gradient 
among universities, as they appear to consider each other as 
equals. This attitude facilitates the kind of copperation just 
described. The clpse^^oupling of university and industry in re--^ 
search incorporates certain features which are worth pointing out. 
First of all, there appear to be few, if any, industrial manufac- 
turing research labs in Germany, since industry relies on univerai" 
ties for much of its research needs. This has provided universities 
with technology leads over industry in certain areas, especially in 
cad/cam. The universities appreciate their position, and are 
anxious to maintain" it by continued good cooperation with industry. 
The funding provided by industry may involve government moneys (up 
to 50 percent) if the work qualifies for national need status. 
Additional sources for funds may be the AIF, VDW, and foundations'. 

The manufacturing research effort is not solely dependent 
upon projects provided by industry, however. Independent research 
is also evident, with financial support from DFG and foundations. 
Generally, doctoral research is found in this category. 

O -67^ % 
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IndustriaOl" Associations may also find it tjenef ici^l to 
establish research institutes at universities. Thes^ institutes, 
although staffed and funded by the associations , become firmly 
attached to an academic injstitute with similar orientation, and 
are administered by the director of the^ academic institute. The 
institutes generally share common facilities, and the industrial 

\ 

institute participates in academic activities .such as offering 
courses and university-related research. It is interesting to 
note. that the industrial institute is referred to as an institute 
att while the academic institute is an institute of the university. 
An example of such an institute is the Research Station fof: Drop 

Forging {Forsahungs telle Gesenkechmieden - FGS) established by 

ii 

the German Drop Forging^Association {Verband Deutsaher Gesenksch- 
mieden) at the Technical University Hannover [12]. The FGS is 
funded 50 percent by the Drop Forging Association and 50 percent 
by DGF and AIF. 

Qverhead - Due to the independence of the university 'institute 
the financial and administrative aspects of research are quite 
simple* The iiniversity needs no rei&earch office. The professor 
is his own research director, and is in ^ole charge of obtaining 
and administering research. Overhead costs can thus be kept quite 
low, since they have to support the institute only. It appears 
that no overhead charges may be attached to government research 
funds, and the institute may thus have to go back for additional ^ 
money in case of cost overruns. ^^Nominal overhead charges are 
included in industrial research contracts, however, so that the 



institute budget remains in the black. It is also accepted 
practice for the professor to pocket a small percentage of the 
contract funds for hi^ own personal, -unrestricted use. 

Computer Use - ^^^he^institutes visited had access to excellent 
computer facil^ities, which usually had at their hearts Univac and 

CDC machines. Liberal use appears to be made of this capability 

If 

in the research effort. In addition to CAD/CAM applications , data 
are frequently i;educed and plotted dir'ectly by computer as they 
are generated in- the laboratories . 

D. Concluding Remarks y ^ * ^ 

It may be of interest to indicate some of the attitudes 
towards"" the system as they came to our attention", while in Germany. 

TherQ^ppears to be general Satisfaction in industrial circles 
with the existing research arrangements. Industry also appears 
'to be satisfied with the q\iality of the engineers coming from the 
universities. And yet, one pj^ofessor visited at the Technical 
University of Hannover wondered if the engineers graduated from 
the universities were getting enough of a theoretical background 
to tackle the engineering problems of tomorrow. A survey of the 
German machine' tool industry in 1972 by the VDW [13], seems to 
underscore this concerja. For example, 100 percent of the companies 
polled felt tllLat continuing education was necessary, for their 
engineers and adminisfu-ators . Ninety percent gave top priority' to 
the study of new fundamentals ^ The topics receiving highest per- 
centages were Design (mechanics, dynamics, rheologyi theory of 
metal removal) with 86 percent and production control, programming 
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N/C machine with 83 percent. No need'was seen to brush up on 

mathematics, however, since this topic received only 14 percent. 

The niimber of semester hours set aside for mathematics in the.M.E. 

curriculum of the Universdty of Stuttga^ .(See Table i) seems to 

bear out tjje satisfactory math background. 

The structure of the German university has also come lender 
. ■* 

attack, especially the strong insi^itute director. It is not sur- 
prising that delegation^ of German educators have returned from 
visits to U.S. campuse'S fully convinced that the American system 
is the one that should lie adopted by Germany. Presently, |dt^iiversity 
ref^rin^/^ under way, in Germany, but their thrust appears to be 
yet unclear, at least to the uninvolved observer. There is fear %■ 
on the part of the professors, that the Institut will be eliminated. 
And yet, the Institutte for Machine Tools and Manufacturing of the 
Ifechnicral University of Berlin, for example^ emerged from reforms 
vijc^tually intact. What has taken place there is modification 
instead of elimination.. The institute has gained an additional 
professor and an assistant professor, but its administration re-* 
mains in the hands of its director, the Ordinarius * 
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PROM: C* H* Kahng 

L* Scofield 

SUBJTJCT: Trip Report 

University Visits in Japan and Korea 



The following report is divided into three main parts* The 
first part develops general information on engineeririg education 
in Japan which is typical for most universities* The second part 
is really a series of individual reports on specific visits in 
Japan* The third part contains information on Korea* 

I, s^nqineerinq Education in Japan 

Secondia;y education is similar to that in the United States* 
TO enter college a student must pass an entrance examination* 
This examination is xinique for each institution and is^ difficult* 
Students often take the exam several times be£ore passing* En- 
gineering stu(4ehts often act as tutors for the entrance exam* 
The e^ams are given on different dates to allow a student to 
seek entrance at second and third choice universities* Entrance 
exams are also used at the advanced level* Engineering students 
have a general studies progr^ during the first year and study 
in the Faculty of Engineering thereafter* The Faculty of Engi- 
neering is headed by a dean and is divided into departments* 
Each department has sevetal chairs, usually about 6-8* 

If T 

Each chair includes a full professor, an associate professor 
or assistant professor, lecturers, and technical support staff* 
Programs are <iuite basic but all students do a research thes^^ 
during their senior year* Attrition is very low* it is not 
possible to transfer between universities inf Japan. Very few 

* 

non^^Japanses^ stildents attend .the universities and usually are not 
eligible for a degree* The semester system is common* Study 
at, the qraduat^' level is quite common* Mnancial aid for graduate 
study is availabl)? to less than half of all M*S* students ($6d/mo) 
and* to nearly all doctoral students {$120/mo)* The financial 
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aid is frequently in the^-^orm of a loan to be repaid after 

graduation* Financial/^id comes from government and industrial 

sources* Research support comes as a budget from the government 

to each chair ($15,000 - $20^^Q0 typical) and additional support 

comes from orgahizations representing a consortium of industries* 

The doctoral programs are primarily researcih oriented and as a 

result it is possible f or^ an industrial researcher to achieve 

a doctorate with little oi: no formal university activity* 

Research areas are carefully 'divided up to^avoid duplication* 

Research emphasi^^ is on long^ term objectives\/^^he idea of 

research by reason of a formal proposal was very uncotonon* 

Industrial experience for faculty and/or students is the exception 

rather than the rule* Direct industrial interaction is not 

common although equipment grants are evident* . ^ 

II* Individual Institutions - Japan ^ 

1* University of Tokyo 

Monday, October 22, 1973 

a* Pro£* Dr* Sogo Okam\^ra 

■ Dean, Taculty of Engineering ^ 
(elected evelry two years) - J 

General information about Tokyo University* 

b* Prof* Dr* Toshio Sata 

Department of Precision Machinery Engineering 

Tour of metrology {^tir conditioned) and adaptive 

control of machine tools laboratories* 

c* Prof* Dr* Nario Takenaka ^ ^ 

^ Department of Mechanical Engineering for Production 

Lab visits included adaptive control by force 

measurement and surface grinding* Associates 

were conducting soil mechanics (Dr* Hatamura) 

i ^ and powder metallurgy (Dr* Nagao) research* ' 
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Almost all faculty have the Ph.D. and are graduates 
of Tokyo University, Some faculty have industrial, 
experience but it is uncommon. 150 chairs; 1,200 - 
undergraduates jgpi engineering; 20 departments;' ^ 
80 -*^V]%.of curriculum fixed; average student 
load - 17 credits/semester ; no paid student 
assistants, graduate teaching assistants^ or 
research assistants; about 1/3 of B.S. graduates 
study at M.^ level (two more years); 1/2 of 
M.S. graduates study at Ph.D. level j[three more 
years) , 

Keio University 

Tuesday, October 23, 1973 

a. Prof. Dr. Takeyoshi Mori 

Dean, Faculty of Engineering y. 

General information on Keio (Professors Ando, 
Yonetsu, and Inazaki) , 

b. Prof. Dr. Sakae Yonetsu 

Visited lab projects in precision feed 
mechanisms, surface roughness (EDM) , and 
centerless grinding , 

c. Prof. ,Dr. Ichiro Inazaki 

Hydrostatic bearing research. - ^^^^^^^ 

d. Prof. Hasui 

Plasma and friction welding research^. 

e. Prof. Sato 

Visited a special video assisted lab in 

mechanical drawing. 
Visited other laboratories, classrooms, and the 
library. Keio is, a high quality institution 
whose private status leads to larger cl^^s^ , less 
obvious attention to the "chair" system and a 
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general atmosphere more like a university in^ 
the United State?. A greater variety of researcli 
was evident, including some duplication with 
national universities. Engijieering enrollment 
3,500. All faculty have Ph.D., most faculty 
graduated .from Keio University* 30% of students 
earning B.S. go. on to graduate study. ^ .About - 
100^000,000 yferi^ research per year - over 50% from 
lin^stry. 

^"^"^ . 
Tokyo Institute of Technology 
Wednesday, October 24, 1973 

a. Prof. Dr. Eiji Ugui ^ 

Mechanical Physics Department ^ ^ 

'Visited laboratory supporting basic research 

-on chip fortnation. ^ * 

- Dr*^ Usui condxicted us on a tour of the precision 

' machinery and electronics laboratory. where- 

researcti was being conducted on screw threffijs^ 

and precisioit gear manufacturing* We also 

visited th^ macl>ane tools laboratory^ of Dr. 

Ito and Dr. Matstiko. 

Our visit was concluded by a conference attended 

by Dr* Eiji Usui (MecKanical Physics), Dr* Masanui 

Masuko (Production and Machine Tools)', Dr* Yoshiro 

Anno (Precision Gear Manufacturing), Associate ^ 

Professo;r Yoshimi Ito (Machine Tools), Associate 

Professor Jiro OfcsiaSca (Precision Lead Screws^and 

Grinding), and Associate Professor Jiro Ishikawa 

(Precision Gears). The general atmosphere ^t - 

Tokyo Institute of Technology was that of a research 

institute rather than a university. .From 30 to 50% 

go on to graduate study at the M*S.^ level with about 
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25% of the M.S. graduates going on to Ph.D. 

They do accept some transfer students and allow 

student in' uppa^i: half of class to enter M.S. 

program without examination. Nxmiber of graduate 

students fixed by quota. Some industrial experience 

Ifor student counts for laboratory credit. Research 

is applications oriented. Research support is 

from government. ^ , 

The Institute of Vocational Training 
Thursday, October 25, 1973 

a. Dr. Takesi Sugeno 
President of the Institute 
(Formerly Dean of the Faculty of 
at Tokyo University) 

Dr. Sugeno expressed the need for engineering^ 
education in Japan to be more applications-. 
' oriented in re^s^nse to industrial needs. 

b. Prof. Naoharu Kinoshita . * ^ 
. Conducted us on a genei^l ^tour of facilities 

> at the new campus, including classrooms/ 
^ laboratories/ and library. We vj-sited 

Professor Kinoshita lab fp^fT^esearch ,in ^ 
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wood working pi^cesses. ' 



Prof. Noboru Shinazaki 




Toured new laboratb^E^^or materaal removal, 
including N/C machining, metal forming, foundry, 
etc. We observed a number of special prVj^cts 



completed students. " 

Mr. Toshio Ishikawa, Chief / 
Intern^U-onal Cooperation Diyision 

^old us about tti^-i(Sission of his^ivlsiog in 

extending vocational studies^ through^ the 

training of teacher^, to underdeveloped countries 



This Institute is . under the Ministry of Labor 
rather than the Ministry of Educaliion. Their 
missioh is to train teachers in the vocational 
area for teaching in schools and industry. The 
new campus has outst^ding facilities and equipment 

■i 

(30 million dollars). Industrial interaction is 

strong. This is not an engineering college and 

does pot emphasize research. 

Nippon Steel Cdmpany 

Friday, Octgber 25, 1973 ^ 

a. Mr. Hideshi Sato 
General Manager 
Technical Information Office 
Technical Development Department 

V R 6c D Bureau" 

Nippon Steel Corporation 

Mr. Sato acted as host and interpreter. , 

b. Mr . JH. Katsui 
Nitltetsu Kenzai Company 

Wrote a paper on engineering education in Japan. 

c. Prof. Shojiro Nomura 
Sophia University 

d^ . Dr. M. Tomota 

Former Presideht ^/^f^okokawa" Electric Cojnnpany 

e. Mr. T.^Pukuyama 

Executive^ ecretary 

Japan sSci^ty for Engineering Education 
The discussion indicated no deep dissatisfaction 
with engineering education in Japan. The feeling 
was that a mare applied educa^tion, rather than the 
current very basic type, would be better for smaller 
industry. The B.S. engineer usually goes to work 
as a blue collar worker at ^bcn^t. $3^00 per month. 
Co-of) ^>rt^grams or sandwich prc?^ :rai p^ would be 
we?lcomed by industry. More interaction would be 
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benefidial from industrial point of view. ' Lifetime 

emplqyu^ent is a ^ctor in providing time for on- 

the- jgfo training . 

Kyoto Urriversity 
Monday, October 29, 1973 

a. Prof. Dr. K^iji Okushima and Asst. Prof. 
Tetsutaro Hoshi 

The above faculty conducted our visit and tour o^ 

the research laboratories for precision machine 

tool research and Ifrinding research. The precision 

machine tool work was related to thermal sources of 

stress and the grinding research involved a system 

o^ vibration to achieve improved surface* finish . 

Much student unrest has been evident at Kyoto. A 

major fconcern of the students seemed to be too 

great interaction between the University and^ industry* 

particularly the chetaical industry. They were also 

opposed ^o rising military strength in Japan. About 

40% of the M.S. students wer^ receiving modest 

financial support. Students not in a hurry due to 

lifetime employment. The undergraduate program 

contains a controversial program of electives. 

continuing Education was stopped by internal 

political force. Research areas are of interest 

to industry^ but do not compete with industrial 

research. University gets out wh^n industry steps 

in. Government research money provided to each 

chair and support^ facilities and equipment only.. 
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7. Osaka University ' \ ^ 

Tuesday, October 30, 1973 

a. Prof. Dr. Hideo Tsuwa ai\d<^Assoc, Prof. 
Yoshihara Namba* 

I>4j)artments of Mechanical Enginpering^r Precision 

.f^ ^ Engineering, and Production Engineering v^jsre - 

related to pur visit* The Faculty of Engineering^ — ^ 

(700 staff) is divided into 17 departments* A 

total of 3,000 undergraduate, 500 M.S., and 50 

/Ph*D/ students are enrolled. Students pay tuition- 

before taking entrance exam* Very few transfer 

students and only at graduate level* Plant visits 

are typical as in other universities. Typical 

teaching load for full professor is 4 hours of 

lecture per week*, One exam is given eacji term. 

Salary levels vfere about $12,000 per year* {12 mo*)* 

for professors, $8; 000 for associate professors. 

'Faculty very active in professional society activities* 

Researchers tend to work alone ^nd set t^heir own 
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§ direction. 
Technical Education and Research In Korea 

»■ 1 u 

1. 'Korean Institute of Science and Technology 
Thursday, Nov^mberf^l, 1973^ . * 3 

a. Dr. Kyung Taik C?hang, Head * ' 
Metalworking Laboratory ^ 

Toured new outstanding laboraitories established , 

with U./S. Government suppoJ^^t and assisted by 

' Battell'e Memorial Institute, Pri^e and good 

housekeeping were jevid^nt. Technology' transfer 

to emerging industries is the mission. Some success, 

particularly in elecrtropics , was evident. The 

Institute operates" with 40 laboratories and 672 
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staff. Graduate engineering education Is provided 

by a unit associated with KIST* The researchers 

hold the Ph.D* degree and unlike Japan It was 

^ common for staff to have industrial experience as 

well as spme education in such places as th^ United 

States or ^Germany* 

2* Minister of Science and Technology 
Republic of Korea 

a. Dr. Hyang Sup Choi 

Minister of Science and Technology 

Dr. Choi discussed the thoughts of his ^^f^ice on J 

the developmeni: of industj^y and education in a 

* I 

developing country. Industrial development is to 
fdcus on such things as electronics, shipbuilding, 
and chemical plant's because of the ability to be 
competitive in world markets. He talked about 
problems of pollution, etc. The educational 
program must develop\ycJcational skills as well as 
engineering at an appropriate level* Dr; Choi was- 

^^^^^ , pr^iously Ir^' charge of KIST and feels that it is 

^ doing ah excellpBt jobvof Interacting. with Industry 
in research. f * . ' ^ 

XV. ' ^ conclusion , „ \ 

This report does nofc attempt to giv^ data or expanded descriptions 
of the *institut^ns we visited* We did ^ODlXect catalogs, descriptive 
literature, as well as technical paperp from most of our vis:fts* 
These resource materials are f iled^ by i^nstitutfion and the 
available for those interested* ^ v ^ ' > 

The overall xmpression of Japan and jMrrea is not the subject 
of this report; howevet, thes% impressi^s, havsf jpeen collected, 
along with photographs. Either of us would be happy^to share this 
additional background information* j 



\ 



ESTABLISHIIENTS OF mPERIAL 
■ UNIVE'RSITIES IN JAPAN 



HOKKAIDO 
(1925) 



1868 KAISEI-GAKI40 
1890 KM UNIVERSITY 
19^19 NEW EDUCATION SYSTEM 




KU (1920) 



TOKYO (1877) 





AREA (SQ-MI) 


POPUUTIOM ' 


MICH. 


58.216 


. 9,W3.000 


JAPAN 


mj26 ' 


108.000.000 



TOTAL NUn^ER OF U11IVERSITTES -AND JUNIOR COLLEGES IN JAPAN 

(APRIL 1971) 







UNrVERSITIES 
COLliGES 


^ V 




OFFERING 






4 




1 


* 


y*n Am 1 ATc 

SCHOOL 


EVENING 
COURSE ' 


JUNIOR 
COLLEGE 
DIVISION 


ADVANCED 
COURSE 


SPECIAL 
COURSE 


JUNIOR 
COLLEGES 


TOTAL 

• 


CO 

00 


NATIONAL 


7^1 (2) 


^ — ^ 

50 


9 


f 

21 


52 . 


11 ' 


2^1 


93 


PUBLIC • 


37 (6) 






2 


M 




39 


76. 




PRIV^TE^ 


235 (67) 


81 




m 


23 




350 


589, 




TOTAL , 


3^16.(75) • 


1^19 

• 


. 57 • 


11 


- 79^ 


25 


413 


759 



( ) UNIVERSITIES FOR WOHEN 



NO. OF STUDENTS (UNDERGRADUATE VS. GRADUATE) 



f 



'JAPAN 
.(1972),# 



^ U.S.A. 
(1969) 



G. BRLTAfN 
(1969) 



FRANCE 
(1968) 



er|c 



UroMUATX.. 



0 * 



l.il60;ot)0^' 



180.000 ' 



522.000 



6.308.000 




^15.000 



828,000 




39.000 



65.000 



UNDER6RAD. 



3.1% 



21.7^ 



12,^1% 



FEATURES OF THE JAPANESE. UNIVERSITY 



^1. SEMESTER SYSTEM; 

ENTRANCE EXAM PERIOD; MARCH - APRIL 
SUMMER SEMESTER; APRIL - SEPTEMBER 
WINTER SEMESTER: OCTOBER - MARCH • 

2. ALL UNIVERSITIES FIX THE NUMBER OF STUDENTS TO BE ADMITTED 
EACH YEAR. ^^iO STUDENTS/DEPARTMENT) 

3. THE UNIVERSITIES PREPARE AND CONDUCT TKEIR OWN ENTRANCE 
EXAMINATIONS. 

.4. THROUGH THE ENTRANCE EXAMINATION SYSTEM THE UNIVERSITIES CAN 
' SELECT STUDENTS WITH QUALIFICATIONS MATCHING' THE INSTITUTION. 

5. NO INTER-UNIVERSITY TRANSFERS POSSIBLE, 

6. VERY SMALL DROP-OUT/FAILURE RATE. * ■ 

7. THESIS IS REQUIRED BEFORE BACHELOR OF SCIEflCE DEGREE IS GRANTED. 

Z\ MOST COMPANIES REQUIRE ENTRANCE EXAMINATIONS BEFORE HIRING 
PERSONNEL. ' * ^ „ 
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FUNCTION OF CHAIR IN JAPANESE UNIVERSITIES 

ft 

f 

I - FULL PROFESSOR (DRJ 
i| HR ;.|CfURE/lftEK 
RESr^^l^ARCH 
SALARY $15,000/12 norfFHS 

1 - ASSOCIATE PROFESSOR (DRJ 
i| HR LECTURE/WEEK . 
REST RESEARCH 
r SALARY $8,000/12 MONTHS ^ 

StoAL LECTURERS (DR.) 

/ PART TIME OR FULL TIME 

MAINLY TEAGtilM ^ ' ' 

SEVERAL ASSISTANTS (B.S.. M.S.. DR.) 
NO LECTURE 
LAB 8 HR/WEEK. 

RESEARCH - THESIS SUPERVISION 
SALARY $6^000/12 MONTHS . - 



CAt(DIDATES ^ 
CANDIDATES- 
CANDIDATES (SENIOR) 
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STUDENTS: DR.E - 
M.S. - 



DEPARTMENT OF PRECISION VaCHINERY ENGINEERING 
THE UNIVERSITY OF TOKYO 

CHAIRS: 

1. J1ECHM1CS.F0R PRi;iSIOr) MACHINERY 
(PROFESSOR DR. MIYAMOTO) 

2. ELEMENTS OF PRECISION MACHINERY 
' (PROFESSOR DR. JIMBO^) 

3. ENGINEERING DIMENSIONAL METROLOGY 
(PROFESSOR DR. UYEMURA) 

\, "DYNAMIC BEHAVIOR OF PRECISION MACHINERY 
^ (PROFESSOR DR. FUNAKUBO);* 

5. MATERIAL .PROCESSING IM PRECISION ENGINEERING 
(PROFESSOR DR. SATA) 

6. PRODUCTION OF PRECISION MACHINERY 
(PROFESSOR DR. KINOSHlTA) 

7. MATERIAL FOR PRECISION MACHINERY 
(PROFESSOR DR. MIYAMOTO) ^ , 



^ CHAIRMAN OF THE DEPARTMENT 
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EXCURSION PLAN 
PRECISION MACHINERY ENGINEERING DEPARTMENT 





DATE 


' . PLANT 


PRODUCT 


1 


5/ 8/73 ^ 


NIPPON SEIKO 


BEAMING : ' 


2; 


. 5/22/73 


FUJITSU - ELECTRIC 


m SYSTEM 


3 


' . 6/ 5/73 


CITIZEN WATCH 


WATCH ' ' ^ ' 




' 6/19/73 


NIPPON - STEEL PIPE 


STEEL PIPE> WELDING- 


5 


11 3/73 


INSTRUMENT LABORATORY 


PRECISION MEASUREMENT 


6 


9/11/73 


NIPPON - OPTICS ^ 


OPTICAL INSTRUMENTS ' . 


7 


9/25/73 


NISSAN AUTOMOBILE CO. 


PRESS WORKING ASSEMBLY LINE 


8 


11/12/73 


YAMATAKE - HONEYWELL 


\ AUTOMATIC CONTROL 


9 


11/19/73 ' 


^ NHK - LABORATORY 


VIDEO TaUDIO FACILITIES 


10 


11/16/73 


TOSHIBA ELECT. CO. 


PRECISION MACHINING 


11 


12/ 3/73 


OBAN - PRINTING. CO. 


PjiUITING MACHINE 


12 


1/21/74 


.GOVERNMENTAL MECHANICAL 


MACHINE TOOLS 






RESEARCH LABORATORY 


MEIAL CUTTING 



ERIC 



9G 



-69- 



iNTERACTJON BETHEEN UNIVERSITIES AND INDUSTRY 

1. ' PLANT AND INDUSTRIAL TOURS ARE ARRANGED FOR STUDENTS, . ' i 

2. - 'mm BIPLOYTIENT IS FREELY OFfERED TD STUDEffTS BY INDUSTRY.. 

^ ' . . '^ ..... ■■ ■ ^ - 

3. EXCHANGE OF LECTURERS BETWEEN UNIVERSITY AMD INDUSTnY. 

. i • 

1. RESEARCH SPONSORED BY 'itlDUSTRY.. ■ . 



5. ENGINEERS FROn INDUSTRY AUDIT NEW COURSES'. 

^6.' PROFESSORS ARE .ALWAYS RfADY TO ASSIST THEIR FORMER ''sTUDENTS, 

^ 7, THROUGH THE ACTIVITIESuOF ACADEHIC SOCIEffES OR PERSONALLY. 
. U^IIVERSITIES AND INDUSTRY WORK JOGETHER .IN FURTHERING RESEARCH 
AND DEVELOPMENT. ' * ■ * , - 

8. PROFESSORS 'ARE VERY'CONCERNED ABOUT FINDING EMPLOYMENT FOR . 
, THEIR STUDENTS (LIFE EMPLOYMENT). ■ " . ' 

/ ' - ' ^ 

-9. irttUSTRY PARTICIPATES IN A NATIONAL LONG-RANGF RESEARCH PRORRAM.' 



V 
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SOURCES OF, RESEARCH HONEY. 



GOVERNfCl^iT 



/ 



$15:Ol/o"/YEAR FOR ONE: CHAIR 
ONLY" FACILITIES AND -MATERIALS 
SALARIES EXCLTOD 



ACADEMIC SOUETY + G0VERNF1ENJ + INDUSTRIES 



- RESEARCH PROto- COfiniTTEE SELECTS INSTITUTION 
- EXAMPLE ; AUTOMATIC IJAINTENANCE OF MACHINE TOOLS 
$100; 000/ YEAR 

■10 universities 

industry 

'not direct 
through organization 

PROFESSOR TOI^ENAKA; TOK.YO\yniVERSITY $30.000/YEAR 

ENTRUST RESEARCH FROM INDUSTRY 

^ PERSONAL AND FACILITIES' COME FROM INDUSTRY ' 





■ \ 

PERXAPI?A G.n.f. 
(TIfC.mRCH 12. 1973) 



jAPAri 



V 



6." BRITAIN 



W. 6ERJ1ANY 



IK^.S.R. 



U.S.A. 



'ERIC 





(197Q) 



$1,500' 



1 



$2,000 ^ 



( 9 



+630%, 



V 



+175% 




+132% 



$2,558 



$^1,756 ' 



J+I36 i 
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REPORTS ON SYMPOSIA 
CONDUCTED At^D ATTENDED 



V 



^ \ ' . PROCEEDING^ OP THE SYMPOSIUM HELD IN ^EARBORN 

December 12, 1973 



A symposiiun intended to advertise as .well as discuss- the 
\ proposed internship program was* held on December 12, 1973 (see 
enclosed program) . * A large number of brochure-type invitations 
were sent to Michigan "and other Midwest industries. Although the 
response was light, the symposium was a success, since a relatively 
small attendance had tiie advantage of promoting free and construc- 
tive discission. 

The' subjects presented by the speakers were as follows: 

kobert Colton descjfibed th^ structure behind the NSP Experi- 
mental R&D Incentives Programj^ Thfe ERDIO (Experimental R&D 
Incentives Offipe) w^s shown tip be divided into the Public Sectpr 
Office, ,the Experimental Desi*gn ^n'ji Evaluation Staff Office, and 
. -the Private Sector Office. ' ^ 

\ The objectives of tijie ERD'IO apre to stimulate increased non- . 
federal investment in R^D^and to improve the climate for techno- 
logical innovation. ^ Technological Innovation is defined as "the 
firist usfe of science and technology in a ,new way in the U.S^. 
economy 'with commercial success . " 

, Qther significant points dealing with ERDIO policies and 
procedures are: Federal Incentives fo;r Technological Innovation 

' are broken down'^nt;o Government, markets for technological innova- 
tion (procedures for non-civilian and government needs) on one - 

. hand, ^nd Government stimulation of factors causing technological 
innovation in the private sector Q^n th^ other. The Private Sector 
program elements are' i^idicated to be: Synthesis of technological 
innovation factors, co-op resea^rch- incentives development of human 
resojirces, financial incentives , market inc&tjitives , and regulatory 
related incentives. The objective of the Private Sector Of f ice is 
to identify and test incentives thUt stimulate- tlie factors effecting 
technological innovation^. 

, ' ' Examples of possible Government incentives ' are classified as 
direct (government market, government contracts, government suj?si- ^ 
dies) and Indirect (low interest loans, loan guarantees and insur^ 
ance, tax; dfe^ductions^ ettf*. ) . ^ ^' 

Development of human resources^has as 4^s 'aim ^n increase in 
quantity and quality of*^ technological entrepreneurs and innovators 
from the univer*s4ties, and an increase in the utilization or 
commercialization of university, business, and community held 
technology. Output variables include the number spf students be- 
coming entrepreneurs or innovators and their success, and *the number 

^ of ideas, new produats', processes, patents and inventions resulting 

, from this effort. "* ' 

102 



Experiment development for evaluation . and testing of 
incentives involves these steps : 

. Background studies ^ evaluate incentive 

. . Conceptual design of ex^riment to test incentive 

. Exploratory experiment to test incentive in a limited *- - 
role , . ' 

. Full ex£>eriment to test incentive by developing quanti" 

tative d^ta to evaluate effectiveness land suitability 

■ of incentives ' • 

• * 

. Recommendations to administratioif regarding^ relative 
suitability pt various incentives . ■ 

* • 
. ' Dr., M. Eugene Merchant' s^presentation dealt with the topic 
'*The Status Quo is- not the way to go', this is not where the action 
is". Major factors controlling human and technological/activity 
'developed fifom authoritarianism in . the past to tested thought at 
present^ biit will require direativ^ innovation in the future, he 
i stated. "The, effects -of dxeative innovation on technological 
prbgress ara the breaking of barriers between disciplines, accel- 
eration through systems simulation, and" the replacement of conven- 
tional disciplines by mtilt:,disciplinary "engineering* domains such 
as manufacturing engineeri 



The computer integrated manufacturing system (CIMS) was cited 
as being capable of providing a breakthrough in the quest for cost 
saving and increased productivity in the future. It^ importance 
was underliiipd by the fact ihat 30 percent of thte GNP ie affected 
by manufacturing. Since such systems are very costly, their impIe-\ 
mentation provides a major chall^ge for university-industry 
interaction. *In^fact, broad cooperatipn is needed on a national 
scale . I ■ . , 

A forecast into the future of manufacturing conducted by CIBP 
provided the following outlook: * - %- 

- r 

^ , By 1980, a cdtaputer software system for full autoigation 
^nd optimization is expected* to b^ in existence. 

^By 1985, full on-line automation* and optimization of 
complete njanufacturing plants controlled by a central 
computer will be a reality. 

By 1990, more than 50 percent of the machine tools 
.produced will not have a "stand-alone" use, but wi^l 
instead be pa,rt of a versatile manufacturing system, 
^ featuring atltomatic part handling between stations, 
and being controlled from a central process , computer : 
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, Ma jor cobperative ventures are already u^erway in Europe" 
,and Japan, w!tler^ universities- and indusji^y have been joined by 
their respective governments in. efforts to implement CIMS . ■ ^ / 

The step3 towards achieving these gqals were outlined to be 

. Integrated manufacturing software systems * 
. Group tdchnoldfgy or cellular manufacture 
. Computerized N/C and Ditect N/C 
. Multi-statiom manufacturing System^ 
. The cOmputer-integratfed ^automatic factory 

The kinds ofi interaction believed necessary are 

■ ■ ^ ■ ■ ■ 

. Cooperation between university and industry in 
J ' manufiactffisAng R&D^ ctDOrdinatpd On a national^scale 



^ ^ . Universities are to provide means of ccfupiing 
. , competitive industries without violating anti- . 
trust laws . ^ - - ^ 

. Strengthened manufacturing engineering education 

^ ' . Assistance from government, technical societies, 
foi: coordination of guidance and funding 

Uniy^sity-Industry interraction in Germany was reviewed by 
K. J. Weinmann. A complete report of the flnding^is presented in 

Uriiversity'^Industry interaction in Japan was reviewed by 
C* H. Kahng. A complete report ^of the findings is presented in 

J. C. Ger(£een's description of the Internship Program 'appears 
in Appendix -ft. CA.^^ . ^ 

The luncheon speaker, R. William Taylor, stressed the need ^ 
for closer university- industry ties> and, praised th^ internship ' ^ 
program proposed by Michigan Tech as being capable of strengthening 
cooperation. 

/ 

* The parcel discussion was intended to bring ^out the pros and 

^ cons of the proposed program. It. turned but, however, that no 

adverse criticisms of the program were raised. Due to the small 
size of the prowd, a very lively and frank discussion took place, 
during which a number of points wer^ brought up, mostly dealing 
with implementation of the program. A significant part of the 
time was spent in stressing the importance of salesmanship in 
trying -to convince the indust^rial and the acadeiimT^'-Qd^ninunities^ of 
the value of this ^program. ~ Michigan Tech dc^ praise from industry 
for trying to remove 'the blockage to % mean/ingful, productive ex- 
change of ideas between university and itid^stry* ^ 

1-04 ' ' 
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Towards the end of the program, 'the questionnaire shown on 
the nexte pa^e was' filled out by 10 of the participants. From the 
response/ ,it' is cleat that-the I-nternship Program has'met with' 
sxibstantial positive interest* * <^ 




Name 

Company or Affiliation 



- * Questionnaire-, 

1. Does your company -have a cO'^op program of or students? 
' £ 9 of 10 yes 



2. Are fco^-op students better pi:epared for entry level jobs in^ ^industry? 
, Why? , * * , ; 
. ^ . 10 of LP yes ^ : - 

3,, Do you T^elieve that the Iriternship Program is a worthwhile project . 



to undertake for a trisl period? 
, - ^ 10 of 10 yes 




■ ' — Try-- / - . 

4. Dp you believ^ that t^e internship Program will be b^tfceir,^6r the ^ 
University, the student-,^d Industry, than ^ 
^ ^5 - bett^er. 1 - equal 3 - uhce^fcdaV. 

- / 

5,. Does your company ysgonsor researpfer-p^^bg-ects at UtJ^versities?^ 

f \ ^ yes. >.^3^ little nr none r 

^ the preis^nt state of^^nteractibn\between Industry and Universities 

satisfactory? * . ^ ^ ' 

*' ^ . - .1-. 
^9 of 9 cno . 

— ^ ■ . • ■ ^r-^—,. 

7, ^ Do you consider current regular full-time engineering education 

satisfies' the need for entry level p^formance in Industry? 
I 6 - no, 3 - yes (qualified) ^ ^ ^ 

— — — — ^ ^ ^ — 

8. '-'Please indicate the components of engineering education you feel need 
to^ be strengthened. 




- Humanities ^nd SociaV^Sciepces 

- Basic Sciences (Chemistry and &hyfeics) 

- Mathematics 

- Engiri^ring Science (Statics, Dynamics, Thermo^ etc.) 

- Design Projects 

- Lqt^oratory Projects 

- Practical Experience 

Comments: " ^ 



/2 


of 9' *■ 


/ 

0 


of 9 


; 


of 9 


1 


of 9 


6 


of 9 


5 


of 9 


6 


of 9 



9. Would you recommend that your company participate in the Internship 
program described at this symposium? ' 

7 - ves. 2 - unc Rrf.aln, 1 - upgrade co-oy program t 

10. ^ould you- recommend that your company participate (at some expense) 

in a project other than the Irtterriship Program to improve University- 
Industry interaction? ^ * ■ ^ ^ 
^ ^ I 7 - yes 1 - bring faculty to industry 



FRj^f" 1 - faculty ej<:change 
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MICHIGAN TECHNOLOGICAL UNIVERSITY 
^ HOUGHTON, MICHIGAN 



^ ( A SYMPOSIUM ON 

A STUDY TO' Improve universlty-indust^y interaction 

IN MATERIALS PROCESSING 



^ . March 1, 1974 , " ' 



: -PROGRAM 



8:00-8:45' am Registration 



\ 




ERIC 



8:45 am . SESSION I - - ■ . - 

' . Chairman: Gordon L. Scofield 

■ , Professor an -Head 

f \' ME-EM Department ; 

Michilgan Technological University 

8:45-9:00 am 1.. Opening, remarks , Chairnian*^ . 

9:00-9:15 am 2^ Welcome- and Remarks. - President' Raymond 1.. - Smith 
\ ,- ■ Michigan Technological 

University 

9:15-9:45 am 3. "The National Science Foundation R&I> Incentives 
' . ' ' Program - Human Resources^ for Technology 

' Deyelof)ment" ' ' 

far 12. M. C<fcttowj EvQ]^ Andcroon - M. Cotton 

National Science Found^td^n 

* 

U. "Review of University-Industrial Interaction - 
in GertDany" . ^ * , 

Klaus J* iJeintnann ^ 
^ ' Assistant Professor ; " 

Michigan ,Teehnologica^l University * 

10:15-10:30 am 'Coffee Brpak . / ^ V 

10:30-11:00 am 5* "Review of Univerjsity-Jndustrial, Interaction 

• ' in^ Japan" . . 

f-"^ Charles Kahng ' ^ ' ^ ( 

f ' ^ Associatfe Professor ^ ^ ^ 

Michigan Technological University 

1^1:00-11: 30 ata 6. ^^Presentation on the Int^Snship Program 

James C. Gerdeeri * 

Professor . ^ 

Michigan Technological University \ ' * 

11:30-11:50 am Discussion: ' . 

Questions and Comments on Morning Talks 

"100- V 
^ 107, 



/ ■ 



7^ ^ 



■ ^ / . ■ ■ 

12:00 Noon 7. ' Luncheon ■ . ' 

Speaker -"Universi'ty»-I:;idusti'y Interaction 
in Engineering at Michig^rr Tech" s ^ 
For J.A. k4^+: , James A. .Kent . ^ . . ■/ 

c e Work ' T>ea.n of Engine'er^ing 

AssocCAe ^eoLf^ Hichigaii Technological University ^ 

- ■ / ^ ■ ■ 

1:30 pm ^ SESSION II ^ ' ■ 

Chairman: Gordon L. Scofiel^d * . * < - 

1:30-2:30 pm^ 8. Panel Discussion of "*'l^iversity- Industrial ' 

Interactipn and Reactions to tKe Ititernship 
' Program - Prps a^d Cons'' p 

■ . ^ P^nel : E varri An d er t>bn 

■ft e<>jH>ot Birootor, ^ 
■ Ha ' tiQn a l Seienp e— Fdunda - frion 



Marvin F, DeVries , [ ^ 
^'Chairman / 
SME Education-CoTumittee 
University of Wisconsin- 
Madison , : ' - ^ ^ 

Gerald T, Underwooci ' _ ^ 
Manager of Personnel skid \, 

\ Management Development 

^ 4 Deere & Co , ,^ 

^ Richard 0, Lane : ^ ^ 

^ > » .Director of Marketing ' 4 



Prank Bancroft, Co. 

Harold Ruf ^ ^ 

Vice President 
Gre^ foundries I Inc. 
^ ' Milwaukee 

. A, A, Hendrtck^pn 
' ■ Professor ^ \ ' 
* . ■ , Metallurgical Engineerijig 

^ ^ , Michigan Technological Uhiversity 

2:30-3:30 pnt 9, Discussion Groups 

3:30-3:45 pm Coffee Break ^ ' 

3:45-4:15 pm 10, R^^^i^^-^rf" b£§^Trs s ion Gr^ps 

^: 15-4; 30 pm ^ fl"! Simmation of Symposium - What Now? , 

Gordon L. S<:ofield ■ -■ 
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PROCEEDINGS OF THE' SYMPOSIUM HELD ON THE CAMPUS . 

OF M];CHIGAN TECHNOLOGiqAL/UNIVEI^ITX ^ ' ' 

March 1, 1974 N$ . . „ . 

Both purptis^ and tormat of this* symposium were essentially 
je, same as those ff/k the Dearborn Syiriposivim, ^ the program shows, 
ttost 40 persons atrendedf the symposiiun, with half of th^e par'tici- 
paaits^^oming 'from industry. The locations'of the companies 
represented ^ranged from the Upper Pfeninsula^ of Michi^an*to Troy, 
New York . . . . : ^ ' v - 

■ ft' ^ 

Aft^r weXcoming. remarks by Dr. R. Smith, p^resident of 
Michiglwl Tech, Dr. GSrdeen outlinfifd the Experimental R&D Incentives 
Program^ on, beh»4*> ofv Dr. ' colton .from NSF, who was unable i^o attend. 
Drs . tfeihmann, arid Kahng again reported on university-industry ^ . 
interaction in Gennany an^ Japan. -*'Dr; Gerdeen's descjription of 
the Intfejcnship f^ogram concluded the activities of the morning.. 

During the Ljinchebn, Dr. c. E. Work, Associate Dean of Engi- * 
neering, presented an. informative as well as entertaining accomn;t 

the present status of the interaction of Michigan Techhologlcal 
University with industry. ■ ^ ^ / 

The afternopn sefesiqn was pp^ited with the j^nel 4iscussi 
with each inember providing constructive input _to the t)roposed 
program. An open (J^scxfssion involving all attendees ensued. .Some 
of the remarks made were the followingj, 

' . ^ <s ■ ' ' * ' ' ^ 

|lr^. R. O. Lane emphasized ^he need- to sell the In^etnship 
Program top most companies ^onr an individual" basis . It is ^portant 
to make management see thei n^ed for what t^is program has to offer. 

LDr. ^. deVries developed a discref)an^y^ itio^el to describe they 
current statufe of university-industry relations. Qriteri^a must be^^ 
established to close the gap betweeB^exiTsting situation and desired 
situations. ^ - ' v ^ ^' - 

Mr. G. Underwood emphasized that since tJie retUrn on investment 
depends to a major p^centage on tooling cost, it is^e^sential to ^ 
shift the excitement among ^udents from product design to pro- 
cessing techniques , i .e. manufacturing. ^ He fs emphgitic 'ifi his vieW^ 
'that the proposed* program is not a co-op program: Interchange 
between uriiversity and indi^stry makes it unimi^. Information- :^low 
to the university is particularly important, ^6 feels.. He also 
suggests that a change in nomenclature from Irif<Ius trial Internship 
Program to' TECHNOLOGY EXCHANGE PROGRAM" m^y be appropriate^ and may - 
be better" suited to help sell the pro'grpu to industry. 

Proprietary aspects wfere raisec^ by the audience as ^ sensitive 
point which needs to be considered. \ Underwood retorted tKat cqmpani 
^generally have Ic^s of projects in non-sensitive" areas These ar^ 



the types of projects that have never been "gotten around to" due 
to lack of * time, yet there might be profit pLuias \among them.^ 
These projects would have the advantage of being relatively time- 
independent. ^ 



Dr. jS. Dietel^, Directot of CMU's Processing Research Institute, 
added ^aJt concerns about sensitivity of a project ^can l?e diffused 
by building in appropriate safeguards. He cited proprietary Wtork 
the PRI is currently doijjg for Xerox Corporation as ^n example. 

Mr.' H. Ruf of Grede' Foundries, speaking for the foundry 

industjfy, stated that tKfe industry has an i^mage^^Sbhl^m: ' it is 
considered to be dirty/ arid erigirieelriTig jgraduates tend to shy away 
froig it. He also "expressed a' need for management people, indus- 
trial arid lhanufacturing oriented engineers- and im^talliirgists 
rather th^n ^signers. Not much re^'arch is be|j.Tig donlp by the 

rade^i 



industry itself, but rather by trade^nd technical ass&ciations . 
What industry has are v pjroduction pa^blems. Also, • OSHA A EPA, and 
Energy Crisis have "created a need for technical pepple \o help, 
adjpst to the changed picture. 

- Dr* A. A. Hendr4vCkson spoke for the forging industry. Th^ 
proposed : program can achieve a lot for industry, he stated, since 
it has not be^n iniipvative. Research is not what is jieede*^ here, 
but ihste'ac^, technology transfer. IJhe forging industry must be 
made awate of d'xisting technology, ^ftesently, technical people" 
a^ missing, sinc^ small companies ^cannbt aXford to hire. qualified 
engineers (metallurgists). He suggests that the forging industry 
be. approacne^d as a body. ^ - ^ ' 

It thus appears €hat there^is a trend tow^ds manuf actimring 
engineering activities in ind^ustry, and industry would liTce to s^ee 
Mi^chigan yech provide them with the manpower that can cope with* its 
problems. Since the ob jective^^^f this Internship Program are in 
agreement with these need^, it/was generally warmly received^ by 
the participants. Industrial representatives in., particular were 
appreciative of the fact ^at Michi^n Tech shows ^ ^n interest in 
'helping industry.^ One hundred perqent would recommend this program 
to their companies, as the attached questionnaire shows. 



\ 

Company or Aff 
-fi y. E s T 10 N n; A X R E tr 



Name • . . ' /4- l*^t^UtLais Tge^grtiVg' 

* ' r-v — 



1. ^ ;Does your company have a co-op p^gram for students? 

1 a \ \ 



2. Are co-op^students better prepared for*entry^ level jobs in indwiJltYy? 
Why? - ^ . ' 




/ 



— ^ — ^ * ' ' 



3.y\ Do you believe that, the Internship Program is a worthwhile project 
-to undertake for a trial period? - ^ ^ , 
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4. Do you believe that th^ Internship Prograro wi^l be better for the 
University, the student, and Industry than the co-op? 

5. Does y^ur company sponsbr research, pro jects at ,tJniversities? 

w r J 1 

6. IS the present state of interaction between Industry and Universities 
-satisfactory? ' ' 

' I4> HO . ] 

— ^ — : " : 

7. 'Do you consider current regular full,-tiine enginee^ring education 

satisfies tl>e need for entry level performance in^^ndustry? 

• - ' ^. 

8. Please indicate the components of engineering^ educ^&tion you. feel need 
to be strengthened. , ' , 

- Hxanianities and Social Sciences ' - ' S 



- Basic Sciences (Chemistry and Physics) ^ 

- Mathematics ' " i 

- Engineering Science' (Sta^ic?S, Dynamics, Thermo, etc.) ^ 

- Design Projects* * . ' * 4 

- Laboratory Projecrts ^ 

- Practical Experience • ^ |2> 

Coniinents: htee^t **u>r€ mAHt</<cA<n*K4 e^<<^bq^ sh^e^s K^e^t ^ht^iter -fm^'Ht*^ tn 

9* Would you recommend that your company participate in- the Internship 
Program described at thi,s symposiiam? 

10. Would you recominend that your company participate *(at some expense) ^ 
in a project ^other than the Internship Program to improve University- , 
Industry interaction? ^ ■ 

'■ ^ — ^ i 
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REPORT OP TRIP TO CARNEGtE-MELLON UNIVERSITY 

^ ^ December 4, 1973 ^ 

by J. c. Gerdeen and K. j. Weirmann ' ^ 

J* C. Gerdeen was invited to participate in the' ''W9rkshop on 
Research arid Educationafl Needs in the Pressure ^Vessel Piping and ' ■ 
Related Industries" ^id at CMU, and sponsored by NSP and the — ' 
Processing Research Institute of CMU. .Due to some common features 
between PRI and to the ^industrial Inteifnship Program, K. J. Weinmann 
aqcoippanied J. C. Gerdeen to CMU; so both could discuss the pro- ' 
grams v^ith G. E.. Dieter, Director of PRI, and attend the workshop 
3\rhicK dj^alt directly with university-industry interaction. 

The worRshop brought together representatives from industry, 
universities.,^ government, ^trade associations, and' foundations to - 
discuss needs of the pressure vessel industry, both in engineering 
manpower and research. The nee^d for course viork and research at 
the universities relevant to the industry, and the need for closer 
relationships "between practicing engineers in industry* and university 
professors were stressed. Sinc^ the ^different backgrounds of the 
participants resulted in different ideas, lively discussions ^ook 
place. When , the workshop ^adjourned, no noticeable consensus had 
b^en' reached regarding workable solutions to the problem of how to 
'^nrorove the working climate between university and industry in 
^mLs particular are^.of engineering* 

The private discJLissions with G* E. Dieter* and M. c. Shaw, 
Head of ^he Department of Mechanical Engineering of CMU were fruit- 
ful, since they ffeliped to clarify some questions regarding \PRl'. 
Also, the two gentlemen assured us of their willingness to cooperate 
with the Michigan Tech efforts, ■ ajid to share with us the^if e?cperi- 
ence gained in their efforts to establish mutually beneficial 
relationships with industry* 

The Prrocessing Research Institute, which involves the 
Departments of .Chemical Engineering, Mechanical Engineering, and 
Metallurgy and ^Materials Science, offers a Master of Engineering 
Progtam designed to prepare the student professionally for an en- 
gineering career. Graduate students are given industrial projects, ^ 
for whose successful completion they have the major responsibility. 
Each project/is directly supervised by PRI faculty members, but 
also receives inpilt from engineering experts from industry* ' 

Currently PRI works with 15 companies outside the Pittsburgh 
area. The working arrangement With each firm' is as follows: A 
research project involving g[raduate students, is funded 50 percent 
by the company and 50 percent by NSP the first year. After that, 
'it is fully .funded l>y the. company. 
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A REPORT ON THE 

i 

NATIONAL CONFERENCE ON ' MANUFACTURING 
TECHNOLOGY AND PRODUCTIVITY 



'V 

J 



held at 

Massachusetts Institute of Technology 
painbridge , Massachusetts 



-op , 

ecember 11 and 12, 1973 



by 1 ' 

R. W. Kauppila 
Mechanical Engineering-Engineering Mechanics pepartment 
^ Michigan Technological University ' ^ 
Houghton, Michigan 49931 



ii3 
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INTRODUCTION * , 

A National Conference on Manufacturing technology 

* ' - ■■ 

and Productivity was held at the Massachusetts Institiite 
of Technology, 9ainbridge, MaESsachusetts, oh Deceinber 11 
and 12, 1973. Tlje purpose bf this conference was to icreate. 
an exchange pf information and opinion among industrial 
leaders and university faculty who share * a desire to re^ 
vitalize U. ^. industry. The following report. ig a ^ 
sxunmary of the dispussions thatltoolc place durp^ng this 
confe^ehce. All written information that was provided at 

'the conference is included. AJ-though a summary of the 
entire conference proceedings was repeatedly requested by 
many^ of the attendees, only writ^i^ups of the workshop ^ 
reports ..were provided. — 

^ The conference was attended by bver one hundred repre-- 
seivtative^ of industry and universities. It should be 

■ , ■ ■ \ 

noted that this conference ^as primarily attended by uppfer 



tnanagement from industry with 83 of the preregistered 

- : J ■■, . . . ■ 

attendees representing companies or government agencies. 

Fifteen presentations were made by leading authorities 

in *thei^ fields of interest. ^ The following is a brief 

'summary of each presentation; 

V 
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"Introduction to the Confereftce". 

Nathan.^. Cook, MIT , ^ 

Dr. Cook welcOKled the conference attendees. He noted that 

- y ■ . ' . ^ ^ 

the conference wasT attended by w^ll bver one, hundred Attendee^ 
including one woman , almost^, all of* whom came from industry. 
{T|;ie one wdmah wa^ discovered to be from the press*) Dr. Cook 

described the conference *as divid'ed into three parts. - The first 

V/ ' ' ^ ' ' ' ' 
part jwas a, number of talks on the social and economic climate fo3> 

1* , ' ' ' 

our manufacturing industries. The second part was a presentation 
of* technologiCjfi^nhovatib^is the futuf^. The third part was 

workshops which would allow th\ attendees j^to express their opinictns 
and thus provide their input to tnfe^^onferei^ce.- Dr. Cook mentioned 

that, the conference had been one year in>planning. 

, ^ , . . t ^- , 

ijU^elcdming Remarks" ^ 
y^l^ward W. Johnson, MIT 



Mr. Johnso^^^fficially >^^l<^med the conference attendees, 
presented a hist^Sy of MIT, and xlescribed the direction of their 
efforts. * \^ ' 



!?Recent Productivity Trends and the Cl*Bftiging Socio^^Economic 
Environjnent'* ' ' 
John *W.* Kendricks, The George Washington University 

Dr. Kendricks' J:alk covered several relg^ted points. Indices 

of productivity were briefly discussed. Productivity increases 

require investments. Unionization decreases productivity. Produce 

tivity le-vel in ,U. S . is still the highest in the world but other 

countries are catching up. Low^r educational "enrollments are poor 

for increased productivity. Economic growth for* 1974 is expected 

to be approximately 1% lower than normal. Labor, force growth, 
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« which provided part of past productivity growth, has peaked*. 
Economy shift has been to services where 60% of ttoday's working 
force is eSnffloyed and where contribution to productivity increase 
is poor. Competitive forces will give more produc^dvity which 
will lead to more productivity bargaining and profit-sharing. 
Government inteirvention will incre|ise and cause lower productivity, 
Energy crisis will change legislators' actions which should help 
* productivity. Wage and price controls distort productivity 

picture . Loosei^esg of values and atjiitudes , negative social 

^ . ^ 1 ^ ' 

tendei>cies and adverse -pcrli^tical tendencies have been detjpiinental . 

- Outioolf for future is positive but'nPt dramatic. 



"T^hnol€>gical Innovation in Manufacturing' 
Jf^rdan J. Baruch, Harvard 



J V 

)gacal 



Dr. B^ruch G^ianged his tittle to "Management of Teclmolog 

Advances". He had several' interesting examples of gaging produc- 

tivity. One example compared light bulbs. A light bulb price has 

increased from 28<: in 1950 to 33<: in 1970 indicating not much 

productivity increase when adjusted for inflation. However, if 

measured in terms of output in million liamen hours (MLH) the cor^ 

responding total cost including power has gone from $2.60 to $1.30 

per MLH. If fluorescent lighting is included, the cost has gone 

from $2.60 to 31<: per MLH. This serviofe cost is more reli^le thah 

unit cost and should be used for measuring productivity. The changes 

ft ■ * 
in thesa products involved techno]^ogical advances. 

Technologj-cal advances take place as a result of several 

activities. They are defined as recognition, definition, imple- 

mentation, conveyance (marketing) , evaluation, advocacy (organized " 
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process of lying}- and h61<|^ng (doing nothing jeally -T "keep it ^ 
on the back burner"). The last activity, holding, is used when 
an advance is premature. These activities are all involved t<j 
var^ng degrees in bringing forth a technologicat^^dvance . ^ 
Managers manag^ these activities. 

• ^ "V i * 

"Design Priorities and -External /Costs" 

Da\M4 G; Wilson, MIT ' rK - ' 

^ Dr\ Wilson presented a huworous talk on design prioritieg^ 

and their^ costs. Ona example was the priority assigned^to/the 

t . * 

design of a cl^an automotive/exhatrst. When the dirty Exhaust 
blew out^^nto open space, tlfe priori^ty was low. vJhen the exhaust 
engulfed pedestrians, the priority was more acute. When the exhaust 
was piped back into the* car, the priority was very* acute. 

"Productivity, Science and Technology" ^ a 
J; Herbert Hollomon, MIT ^ ^ 

, Innovation and diffusion of technology is the key ,to improved 

product^ivityi*^ This is clearly^een in U. S. agriculture where 

government extension agencies played an important role . Today , 

U. &. agriculture production leads the rest of the world. Why can't 

this 'be done for our manufacturing industries? 

The U. S- government has placed its efforts on space and arms 
with no emphasis on industrial products. Western EiH^pean and 
Japanese governments have concentrated on industry and products 
of cort sumption. :^ 

Technology changes^ are .necessary but usually costly and risky. 
If sudden, they impair rational decisions and bause unfavorable 
displacements of employees. U. S. managers generally desire no 

, 1 u 



changes. Japan has a policy of^ "cannot lay anyone off" which 
prohibits displacement. France and England have a tax that 
covers retraining, reeducating and relocating workers. ^ 

"Produ(5fe^ivity in Educatidn" 

Paul E. Gray, MI^ , ' ; ^ 

^ Productivity in education has not increased dramat^ically . 

Lt cannq^vbe measured by today's "$ per credi't hour". Content 

is ,whafe shoyld be counted. Edui^atfon is an individual effort 

on the part of the student whicn defies any real measurement of 

productivity. - , ' , • 

"Human Factors in Manufacturing" v 
Charles A. ' Myers ^^- MIT * " , — 

The most difficult* but most important job of management is 

managing m^n and all else depends on it. The factors that influ^ 

ence this management are communication, information, etc. which 

are the human > factors in manufacturing. 

"1980-2000 The Future for Manufacturing Industries" 

Jay W. Forrester, MIT ^ ^ . . 

' The most informative -and interesting talk was given by Dr. 

Forrester. By use of ^ata from his text "World Dynamics" he 

presented a gloomy outlook for the future. (Following this talk, 

^ales of his book in the MTTVs bookstore were briik and 

exhausted their available, suppl^y)^ 

Dr. Forrester- showed that all^dyndftiie^systems follow a growth 

curve consisting of a doubl,ing of growth in increments of time. 

When the transition point, is reached, the system is half grown 

with only one more possible doubl5j:ig of growth. Productivity , in 
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the U. S. appears to follow this curve with the transition in ^ 
productivity occurring in 1970 (earlier th$n expected) . The 
gi^ow^h. in U. ^. population also follows a aimil^r curve but .has 
not'-'defined a clear transition point yet in spite of ^ero popu- 
lation growth ^fforts. When the productivity is divided by the 
population and graphed , N;iie^ result is an index of standard of 
living curve. All th3?4e of these curves are shown in the figure 
b&low. , ^ ' ^ . 

Productivity 




Standard of 
Living 



T — r 

L890 1910 193 0 1950 1970 



i3 



It appears that' we are today *in the transition zone. In the tra^si- 
tion sSne, close coupling should take place. This is ii? evidence 
today for example, with the automobile enmeshed in environmental and 
energy^ crisis controversy with political overtones/ If the popula- 

. ■ / - / 

tion growth can be curbed and productivity maintained, then the 
standard of living can be maintained. However, can productivity 
be- maintained with our current energy shortage? 



^ ^ — - 

Carv^ we get more energy? Can the oil shales do the trick? 

Rumor has it that energy production take;s 20% of the ^oductivity 

dollar. It is reported that shale oil will cost five times that 

of giiJ^rent energy.. Conclusion is that it cannot be done, not from 

shale oil J * " , 

How did we get to where we are today on productivity curve? 

aceumul^ated capital strength and pr^)duction at a low cost with 

past workeTtrs receiving li*ttle enjoyment for their efforts. 

' Severe problems are coming up. Exproprlatidgi of foreign / 

operations is certain. Cuts in our nonproductive effort^ will have 

to b^. ijiade . -itAll overhead items will have to go. Fifty percent of 

higher education must go. Fifty percent^ of financial people must 

go. No new construction will really take place. Large numbers of 

service industries will ^^isappear . (The service peopjte should go 

back to agriculture.) The following changes will thus occur: 

1. Reversal of capital expansion 

2. Shift out of white collar blass 

3. Less education, 

4. Research productivity will drop even more 

5. Longer life products will come (throw away at end) 

6. Large throughput will be cut down (make^ew rather , 
than repair existirvg is a horrible drain on resources) 

,7. National economy will go down 

A shorter wark weel^is proposed in industry. ^ At a timef when^ 4p% 

are in a productive activity, how. much can the system staira before 

the mischief of the effect catches up? 

4 Will technology pull us out?" In spite of tremendous food 

advantages f we have a food crisis. In spite of energy technology , 

, - , 120 ' ' ^ > \ 
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we ^ave an energy crisis. If we do not pul^ out but follovr the. 

\ 

curves, an exainple of the end exists today for everyone to see. 
Indi^ reached its peak 800 year^ ago . Theirs -^ig^ model of what - 
we can expect at the end. A sobering parting thought is visible 
in Massachusetts. The current population density in Massachusetts 
is one-half that of India today,. Is one more doubling the end? 
Then \^at2^^^- ' - . ' / 

"Teleoperators/Programmable I Adaptable Assembly Systems" ' 

James L. Nevins, MIT * ' ' , 

Thomas B. Sheridan, MIT >^ 

s * ' \ - 

Mr. Nevins talked about past and recent man-machine systems. . 

A movie of an automated water pump assembly was^shown. Movies^, of 

manipulator operations with feedback sending controls ,were also 

shown. Tli^ problems associated with "teaching" a computer-controlled 

manipulator to drop a bolt into a hole were briefly discussed* It 

was shown that when obstACl*es are placed ^in the wa^, a complex 

learning process must be undertaken: It became ve^ry ^evident that 

the first "teaching" process could be very frustrating and that the 

logical learning process which Jwe take for granted i^ not a simple 

computer programming . exercise . 

Dr. Sheridan made a humorous presentation of the pjjroblems 

associated with writing computer programs for man-machine systems. 

The objective he chose l3^s to direct the machine to paint a block 

of wood with the paint ^n a can;. By use, of several humorous 

slides, he showed many different interpretations that could biS 

given to the command PAINT THE BLOCK. It became obvious that the. 

■programmer would have to prepare a set of instructions^^t^at were 

much more detailed than that which one would give to a pre-schooler. 
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"High Vtolume ManufdC^uring yechhology" 

F. Keith Clock, mIT ^ * » * ^ 

Mr. Click described use of a computer aided graphics 
'facility in designing a crankshaft counterweight and in deter- , 
mining the resuiti^g o^x^^r of gravity and other engineering j^, 
data. * ^ ' *- 

"New Development^ * in Manuf actua/ing Processes^ 
Nam p. Suh, MIT ' . , \ * 

, Dr. Suh described a number of nevt developments nufactur- 

ing processes at MIT. The brief talk described development of t 

f\ve new types of cuttijig tool materials, foyr metal processing 

studies, five .plastics processing studies, and faur studies of 

y - - . ^ 

materials behavior. , ^ ^ * 

"Engineering Education and Industry" 
Frank E. Perkins, MIT . 
James D. Scho^ffler, Gase Western Reserve University ^ 

*Dr. Perkins talked *about the education of engineers for^ 

: ' ^ ^ . ; ' 

industrial careers. (Notl^ng new or revealing was observed*) 

Dr. Schoeffler described the nature of the^ problem, its 

implications and recommendations. He cited the Engin,eeting Edu^* 

cation "Report as a reference)- ^ 

"Automatia>n for the Job Shop" . 
Robert T. Lund, MIT, 

Mr. Lund *lpr^sented an inter^ting talk on Computer Modeled ^ 

Processing Machine System^ (CMPM^ . He ^owed that s^jch * systeitis 

have ^a place in joh ,shops and production/plants, ^nd that under ^ 

many condita!t^ns, they can produce parts at a favorable pVipe. He 
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then sh-dwed a movie of the automatic processing*, line that was 

desigited and built by Cincinnati Milacron and Ford^Motor Co. 

^ , < » * ' ' . 

This s^tem was very impres'sive with everything computer con- 

trolled from routing the paifts *to various machines t6 t^e complex 

selection ar^i3-%^ng^ (^-variojis tools^bn-each machine.^ ^ later 

discussion with Richard c. Messingex/ Vice Pi^sident of Research^ 

Cincinnati Milapron revea^led that thi^ machirie had been\guj^ into 

"inofch iballs"/ the computer returiied to its manufacturer that^ 

there was really ^lo^urrent interest in encouraging any ^w^chase 

jjnquirie^^^or this'^type of^machine system.^ It was 'also rumored 

that the above mactiine. ^^^eifi was offered to MIT if they would 

^Iteep it operational but that t^ey , refused due to its high upkeept 

cost . ) ^ ^ , ^ " " 

Computer- Aided Design" 

John J. Allah, III, Unive'rsity of Texas* 

Dr. Allan presented a colorful slide-talk on' computer-aided^ 
design; what it is^ how it works ana the advantages th^^ are de- 
rived f^om fbs use. He used the system ^at the University of ^^^^ 
Texas as /his presentation model. The ensuing discussion point^ 
out that tjie hardware for such systemaf^^"^^- readily &Yslilable but 
that huge software develoi>ment is necessary before the systems 
can be pg£ Jk6 ^od individual use. 




WORKSHOPS 



Fi^#^ different workshops were held tp allow more of ^rfi ex^ 



pressirion pfV>pinion from the attendees. Sxammaries of the dis-'^ 
Cushions in eacl^ workshop are included in the ^ection following 
t^is report. ^ , ^ . 12^ 



The author of this rej^ort participated in Workshop A - 

' 1 

Industrial' Research and Development* The discussions- in Workshop 
-A have been significantly toned down as given in Appen<^x B* It ' 
was evident that several problems existed* The facilities^ 'in- 
terests^ and -Staff capabilities in universities are largely unknown 
to industrial management except in a few cases. Industry does* x(p^ 
tKUst academic personnel as gobd managers of any research projects* 
Their pa^t experience has shoWn that university people do not re- 
search th^ problem in question^ btit are off on a tangent somewhere. 
When asked to account . :^r their progres^^ communica^iosrfe are un- 
satisf actc^ry* .Industry feels that University peop^ really d3n't 
understand the problems of profiTt^'riemted manufacturing companies* 
It was felt ty the industriaJr*repreWii4atives that o.nl^ basic^ 
research should be done, in universities 'and that applied rese^^rch 
^ shoulcT^'b^^bne by the industries* The four university personnel 
in this ''Workshop did not agree\^i"^ that Statement* * ^ 

- ' ^ - . . ■ ■ 

QUESTIONS AND OPINIONS ' 
Each of the, workshop sjessions prepared a number of questions 
V^ that wer^ then submitted for opinion voting at the end of the 
conference* T|^^ audience at ^i? point wa^'^^nsiderably Ranged 
from titxat of the .42onf erence due to early departures of industrial 
people atod participation by MIT graduate iptudents. However^ the 
votinjf dia produce some interesting conclusions^ The entire 
tabulation of questions -and the voting results are attached. 

124 - 
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'. MIT PROGRAMS' 

- " MIT has several programs thart provide' university-industry ' 
i^!teraction * . Th^' following are described more fully in the infor- 
mation bulletins included in Appendix F. 

The MIT ASSOCIATES PROGRAM has as itg purpose to provide 
member firms direct and convenient access to -their educational 
and research programs while at the same time providing the ^Institute 
with important unrestricted financial assistance and professional 
relationships. 

The INDUSTRIAL LIAISON PROGRAM has a.s its purpose ^he estab- 
lishment of stimulating contaci; and inf ormatioiT\exchange between 
the Institute's faculty and representativ^ from industry. 

The ADVANCEI5 STUDY PROGRAM and SELF STUDY PROGRAM are graduate 
study programs for practicing engineers, scientists, educators, 
and students. . - . ' 0 . 
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WORKSHOP DISCUSSION StJKMARILS . ■* 

The objectives of the workshops were to obtain opinions of 
the participants qn various subjects related to manufacturing and 
to formulate issue3 to be presented to the whole conference at the 
final dinner sesBion. Each group contained a jdiscusslpn leader 
and a ifecorder/reporter* ^ The discussion leader sought to focus 
the'discusslon and to identify points of controversy^ and the re- 
corders provided this- account of the major points covered in the 
discussions. ' , 



Discussion Leaders 

Prof. ^ Albert Hopkins 
Mr. James Nevins , 
Prof. Frank Perkins ^ 
Mr. Jerry Schaufeld 
Prof. Nam Suh. 
Prof^ Daniel Whitney 



Recorders ^ly^ 

George Foote ^ 
David Gossard 
Peter Heineman 
5cott Holden 
Harry Koba • 
Bruce Kramer 
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Workshop A Industrial Research and Development 



On many o^ the basic Issues discussed In this firoup^liere was 
good agreement both among the Industrial participants and between 
Industry and academic personnel. A possible exception was the question 
'of how much university research should be sponsored bv Industry. 
^ The question of public concern for Issues such as pollution, 

^ resource conservation, worker health, safet^S^nd ^ob satisfaction was 

discussed. Here the group concensus Was that the prevailing nubile 
( attitude was one of complacence. That people are "hapiay with the W&y 

> r ^ 

^ J-lfe Is*' and have. In general, no Intentions of *'stlrrln^t things up'* 

were two predominant feelings. Industrial concerns continue to be 
strongly, and probably necessarily, profit-motivated.^ 

Concerning public policy, there was strong sentiment that the ^ 



declining U*S* economic position relative to other Industrial countries 
Is a result of those nations^ government subsidy of Industrial research 
and devjelopment. Japan, West Germany and Hungary* were cited as examples, 

It was felt that the U.S. government should sponsor Industjrlal 
applications ^^earch as well as sponsoring university research. 
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Workshop B Public PollcV and Manufacturing 



.The major focus o£ the discussions was the Involvement o£ Rovern- 
ment In the mark&t system' both at borne and abroad. The 'feeling that the 

government served to Interfere with the "normaj. market forces" at home 

J 

was quite predominant, and It was felt that In most cases, p^oveirhment 
Intterventlon should^be a last resort. It w^ pointed out that, while 
the government knew ^ulte a lot about the larger companies In the coun- c ^ 
try, very little feedback was ever received from the medium and small- 
, 'sized operations. This could help In providing more adequate Informa- 
tion on which the govemmen^t could base Its policy decisions* 

The second Interest of many firms represented at the workshop was 
the Influence 'of foreign competition* It was thouj^ht that the most 
effective means of facing this matter was to have more Information 
available from government sources concetfiln^ the technological advances, 
^^'buslness growfih, and future trends In foreign Industries. 

^ Major questions were raised concernlnfj the standards which the 

\ ■ , ' ■ ■ . 

^ government uses to determine uollcv regarding Industrv, the types of 
J response which gove'lijnment should use In a problem area, and the philos- 
ophy to be assumed 1^ the f)resent situation of materials shortages. 
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Workshop C - 1 Productlvltv Improvement ' 

This firoup dealt with a variety of levels of productivity, while 
the participants showed a prl^nary concern with nroductlvltv at the level 
of an lijUlvldual company or of a particular manufacturing; Process within 
a company. Thls^w^s shown by an Informal feedback po ll of people^ s Intf- 
erests, and paralleled by the conference response at the closln^sesslon. 
This was In contrast to the emphasis of the earlv conference speakers - 
on national,' International, and even glohal productlvltv Issues. 

This dlchotoniy of Interests presented some problems In reaching a 
common definition for discussion. Intercstlnglv , while productlvltv 
concerns were uniform across the group of participants, fev had an 
actual productivity measurement ^rogranf in their plants. 

The Importance' of Improving p^feduct Oualltv^^^s recognized, but 
Its role In measured productJLA^tv was not resolved, and the specter of 
energy, resource ant^ labpr limitations remained In the background of* 
each discussion. Still there emerged a feeling of optimism, perhaps ^ 
summarized that Improvements tn productlvltv wouljd find their reward 
In the m^ketplace. These feellnf^s were quantified In the feedback 
sessions. A^number of Peopjle?, felt we would not encounter growth limits^ 
to our production (G.N.?»*)* The. view on productivity was ^ even more 
optimistic, expressing again the dptlmlsm cited above, apparently 
Implying that we can produce ^^s' ^uch or more using less of our efforts, 
even If the resource base diminishes. 

The' role of the university In pri^ductlvltv Improvement was dls-. 
cussed. Itwas^felt that In adodtlon to teaching, the university 
should play an Important role In moving Ideas^ Into commercial applies- 
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^ tlons by an Interest In continuing education and In prototype prot^rams 

with Industry. 
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W orkshop C~2 Productivity I^mprovement * 

The discussion In this- group focusied on two primary questions. 

1) )iow can productivity Improvements be effected? * 

2) What role can federal pollcv play In brln^ltt^ about major 
productivity Improvements? . 

On the first question » there was a strong consensus that strength- 
ening the tie between the manufacturing and design Processes should 

jiro^de substantial and relatively, "costless" Improvements In produc- Aa. 

t 

tlvlty and In product quality. It was felt that lonp.er Product life and 
lower costs would be the logical results of these Inprovements . Thl^ 
posed an Interesting <1ue&tlon which was later, presented to the dinner 
session; Does the U.S. economy, require f oreshortetied prod^||^ life to 
function at Its present level? Is Ibi^ger product life desirable from 
an economic standpoint? Jhe ^roup consensus was that longer product 
life was desirable and Indeed necessary from Fllobal resource consldera-* 
tlons. It was felt that the "productivity problem" Is not limited to 
manufacturing, but Is distributed throughout the entire produ^etlon pro- 
cess from design to sales to service. This makes itself felt In Increas 
Ing "overhead" and "burden" costs. ^■ 

When the role, of federal policy was considered, It was strongly 
felt that direct development of programs toward proper resource usa^e 
is needed. It was also felt that the International trade climate ^is 
unbalanced In favor of foreign competitors. The group feeling was 
that the U.S. should seek to put U^S. firms on equal terms through a 
combination of international monetary pollcV, balan<ged tariffs, and 
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subsidies. 

This contrasted with the prevailing ^roup sentiment that government 

Interference In the domestic economy has been,* and Is, a nep.atlve 

Influence. The Improper manipulation of wage and price -controls , ^nd 

the resultant distortions of the free market process -were^ felt to be 

♦ 

a prime example of actions which resulted In "more harm, than ROod»" 
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Workshop D Education for Industrial Careers 



In discussing what training an engineer should have» It ^oon ^ 

■ . • /" 

became evident that among the participants a distinction was made / 
between a 'V^^f^sslonal engineer'* and a ''practicing engineer." *Thls 
"practicing engineer^" depending upon the sl%uatlon» might go under 
such titles as Production Eng. Manufacturing Eng., IJrocess Eng., 6r 

s ' ■ 

Industrial Engineer. It was generally felt that today s undergraduate 

curricula are Improperly structured for students aspiring to these ^It- 

uatlons. Currently, rather than graduating with a practical Industry 

oriented background, they graduate with a theory based education Intended 

for the "protesslonal engineer^' who^ wlir obtain a* graduate education. 

Three possible alternatives to this situation were suggested. First, 

schools might offer a three, year Associate Engineer^ degree.. Second, 

an^&^temate. Industry oriented bac^lors program might be offered. 

Or third, the bachelor^s' degree might be defined as a non-professional 

\--^egree with orientation tovfard going dlrectlv Into Industry. Concern 

vas expressed that even those students Interested In engineering theory 

' have Insufficient Industrial exposure. Therefore, as part of the third 

plan It was proposed th^rt those In the "professional" program ending 

* * 
with Mafeter^s or higher degree be required to work for some period In 

Industry In a university supervised program. As an aside It was feilt 

that university faculty also seriously lack Industrial experience. 

\ 

The other topic discussed by the workshop^was continuing education. 
; Ijt was generally agreed that the most useful and successful continuing 
^education fell Into two cat&gorles. 
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1. ' Managerial science and humanities 

2. Specifically applicable new technology 

Considerable time was spent discussing the problems Involved In. 
some particular attempts to Implement the latter. Iii these cases, mane- 

V ■ f 

agement was attempting to educate a group of engineers In a new tech-^ 
nologifr* From the business point &f view, the most cost-effective 
w^y was to hire an expert (frcpn a university) to come In and teach a 
concetftrated course to the engineers In ^helr plant using real problems 
for their laboratories. Unfortunately this In many ways Is In conflict 
with Ind^tlves nosed for most university professors^ Two primary 
problems were cited. 

1. The physical separation betwe^ the .campus and the Industry. 

2. 'teaching In Industry doB&^ot raise a professor's esteem In 
the eyes of his colleagues. 

It was generally concluded that the first problem could be overcome 
with the proper administrative changes and appropriate economic Incen-^ 
tlves. The Second problem was not as easv. Such solutions as prof e*ssoars > 
teaching Iti Industry while on sabatlcal were proposed^ ^ However, these 
proposals share a common problem. While the money available to a praf-^ 
essor could be Increased, the time avaH^ab^e to him carniot. Therefore, 
unless the priorities are changed from the current emphasis on research 
or at; least modified^ the second problem se^ms Insoluble. 

Lastly It was observed that. In general, when people are much over 
ten years out of school they start to give up keeping up with the state 
of the art. As an alternative to this, retraining people In a com- 
pi^etely new field was proposed # It wafi noted that, at least In so^e 
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■ caseSf while people f^ive up on piecemeal learnlnf^* thev are stdll 
iliterested and able to start all over a^ain; thus enabling these people 
* to cope with the fast chanf;ing technology. 



4. 




35 



4- S 



ERIC 



-X28- 




WorkshpK E Technology Abroad 



The coo^nsus was that tUe UnlteQ States will always be able to 
profitably export technology to the rest of the world as long as ^ 
American firms are able to operate In the context of the free enter^ 
prise system. The feeling was expressed that our economic survlvafl 
^ depends on our ability to profitably export' technolotfv. Those with 

experience In multinational firms a^ed th^cauelx>n that foreign con^ 
, cems'^e extr^emely shrewd neg<>£4£rtors and that careful atterttlon to 
det-all Is essential In any .contract ne^^^^lons. - | 

In regard to the qii^stlon of whether major technical programs, such 

as the . development of computer-Integrated manufacturing systems, should 

^ ' i 
. * • 

^^^'^^be undertaken on a natlona^ scale or through IntetJiatlonal effort, the 
unanimous feelln^was that' the United States Is not yet ready to enter 
Into a major International program. Clearly, the national program, 
should be developed first. There Is presently an utgent need for . 
organized national effort to develop computer-Integrated manufacttirlng 
systems In the United States.- ^ ^ - 

In areas of cqmmerclal Interest, multinational firms are i^resentlv 
^transferring foreign technologv to the United States much more effect- - 
Ively and expensively than are federal agencies an^/or universities. 
More active attempts by federal aj^encles to license foreign technological 
^ developments for the use of domestic Industry (as l?as been done In the 

shipbuilding -industry) would be helpful and'^hould be encouraged. Unlv- 
ereltlee can help most effectively by keeping IndustrV abreast^of prom-^^ 
Islng developments of International research which arfe of Interest but 
which are not yet developed t© the "point of conmerclal use. 



ERIC 



136 

-129- A 




f 



7 



V 



VOTING RESULTS ' , 

The 1 IveKy d] sQussions held in the group workshops developed a / 
spries of* questions vJh ich were presented to the whole conferentte at 
the final dinner session. The audience^ comprised of 37 Industrial 
and 17 academid^ participants, was polled by an anonymous group polUng 
technf^que. Each question (or statement) accompanied by a memi of 
responses from which to choose. Each member of the audience selected 
^ single response, "then^ the resutt&were el ectrc^ica 1 1 y recorded ano^ 
displayed''tp the audience. The questions and "vot inaj"eturns'' are 
given beWw. Jhe number of total responses varied s^nfewhat due to 
abstent ioos^a}id rfo^responses, ^ 



V 
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WORKS rfO^ 
Quest I'on 1 : 
Responses: 



INDUSTRIAL RESEA|CH AND DEVELOPMENT 



Industr^y^d univeryties should concentrate on improved 
(nethods of 'comnun icat ion* 



Objection / Other 
Top Priority 
Moderate Priority 
Low Prior I ty 



13 
25 
8 



Question 




Responses ; 



Quest ion 3 < 



Responses: 



There should bet some form of increased emphasis on a 

lonal rfe^earch iiolicy, S^uch a policy should include, 
increased' fuading to oiniverslt ies^for basic research. 



0 



Objection / Other 

Yes 

No 

Maybe 



There are Indications <hat there Is a problem pf job' 
satisfaction among young engineers. * 



Objection / Othe 

Agree 

-Disagree 



f 



0 

16 

1 

12 



Question h: 



Responses : 



l|hivers{^es could serve as a co*~ordInatlng influence to 
fS'ovide for i ndust ry cooperat Ion on OSHA, EPA# etc* 



Objection A Other 
YeSt of course 
Not »clear 
No 



Industry Only 

0 , 0 ' 

16 , 7 ' 

19 / ' 8 

15 ' 
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WORKSHOP B PUBLIC POLICY AND MANUF/VCTU Rt NG 



Quest (on I 



Responses : 



Ourworst p roblem wi t|i regard to public policy and" 
manufacturing i s . (3 choices) Industry 

11 Ml Only, (I) 



1 

1 t 

2 

1 



choice t 

Objection / Cther 

Government interferes too much 

Government doesn't do enoi^h 

We can't have prosperity 
.without war^or crisis 



Goa Is of f ul t empl oyment, t ow 
interest rate and GNP growth 

are not compat ible 

» - 

Pat r t teal', *soc tal arfd economic 
.factors Impinge on the 
d^lsion process. 

We are* not df'-sposed, natiorVally, 
to establishing "national 
goals" . 



15 



1 

5 
1 

U 

10 
18 



3 
5 
2 

5 

16 



0 
9 
1 

1 

6 




The proper level of government response to productivity 
problems Is 



Objection'/ Other 

Do nothing 

Prov Me I nf or mat I on 

(techn 1 cal' assessment) ^ 

Provide shelters (tariffs) 

Provide incentives (regulation) 

Participate directly 
(Governrrtent Labs, RSD)^ 

Natjpnal ization of unprofitable 
or critically necessary industri-es 



. . 1 
k 

^11 

2 
20 ' 
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VJORKSHOP B (cont'd) 



Quest ion ^3: 



Responses : 



Specific govfernfnent action toward manufacturing should^.^ 

Industry only 



Objection /Other 

Be the resource^f^^sf last resort 

Provide International technical 
and commercial Intelligence data 

Force cbs^^iJ nterna J 1 zat Ion 

Aid communication among flrma^'^ * 

Not mantpulate the economic ' 
env{ ronment 

Replace restraints with ' 
rewards (e.g. pollution) 

Actively promotet rising , 
Industries 

Gently discourage falling ones 



5. 
5 

7 

5 
5 



5 
0 
It 
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WORKSHOP C-1 PRODUCTIVITY IMPROVEMENT 



Question 1: 
Responses : 



Question 2: 
Respojises^ 



At wn8t or gan I za 1 1 ona \ le i 
improve productivity? 


snou 1 u e 1 > u r-L > 




0}>jectlon / Other 






GJobal ^ 
National 


'i3 




Statewide 


* 3 


f 


Indust ry 


8 




Company 


8 




Manufacturing Process 


9 




Worker \ 


Y 0 




In what time frame do you see "growth limits 


"? 




In Production 
(GNP) 


1 n 

1 n 

Productivity 


Objection / Other 


0. \ 


0 


t - 5 years ^ 


2. 


0 


5-T 20 years 


10 


■ 10 


20 " 50 years 


12* 


. k 


50 - 100 yeys 


2 


100 + vea rs 


2 


6 


Itever 


11 

4 


17 


V 

> * 


\ 
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WORKSHOP C-2 PRODUCTIVITY IMPROVEMENT 



Question. 1: Despite its cur-rent high standard of living^ the U.S. is 
producti^^ enough to compete tn the world market as long 





as It can operate on equal terms with others with respect 
"to monetary poUcy, tariffs, and subsidies. 


Responses ;^ 


* 

Objection / Other 






1 ag ree 






1 disagree 






No opinion 


0 

r 


Question 2; 


Wages In the U.S. iri terms of 


product! vl ty are 


Responses * 


Objection^ / Other 


2 




Qui^e higiT 


1 1 




Somewhat high ^ 


_ 16 




Reasonable 


16 




Sonitewhat low 


% 




(iuitfS low 


m 

0 


Question 3: 


Could longer product life be 
a strong Americao economy? 


acccmmodated and st 1 1 1 mal nta i n 


Responses:^ 


Objection / Other 


2 


\ ' 


Y'es 


37 




No 


8 



V 
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WORKSHOP D EDUCATION* FOR INDUSTRIAL CAREERS ' ^ 

r 

Question ?: The Bachelor's Degree should only be a pre-profe^s l^na 1 
degree. 

Industry Only 

Responses; Objection / Other *^ 7 3 

Yes 18 10 

No 22 17 



Question 2: 



Responses 



Entrance to graduate school should be contingent .upon two 
un ivers 1 ty-supervl sgd; years tn Industry for the' fol lowing 
percentage of graduate students. 



Objection / Other 

0 - 20* 

20 - itO*. 

itO - 60*' 

60 - 80* 

80 - 100* 



9 
9 
3 

10 
6 
8 



Industry Only 
6 

\ 
9 
k 

5 



Question 



v:5 



Engineering education has a responsibility to teacKj^wo things 

1) Transmission of technical information Vc 

2) Development of an ethic and human awareness/^-.- 

devoted to 1) ? 

Industry Only, 
V 
1 

2 

V ^ 
• — 13 ' 
3 





What fraction of the 


teaching should 


Responses: 


Objection / Other 


1 




0 ^ 20* - 


2 




20 - itO* 


5 




iiO - 60* 


16 




60 - 80* 


la 




80 - 100* 


/ ^ 









143 

-136 



WORKSHOP 0 (cont'd) 



Question k 



Which of the following modes of continutng education is 
superior? 



Responses: Objection / Other 



People from industry returning 
to the university for a term 

University sjt^ff teaching as 
consul tant&^in 1 ndus try 
wi thout credi t 

Univers i ty' staff teaching in ' 
industry as an extension ser- 
vice of the university 

University staff using their 
sabbatical to teach in industry 



2 
15 



17 



Academic Only 
I 
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WORKSHOP E TECHNOLOGY ABROAD 



Question \\ cin the U.S. be a profitable exporter of technology? of 

products? Yes^ both as to prof t tab i 1 i ty and Continuation 
as long as the free enterprise system pr^evai 1 s . . . The 
world ts {must be) our market. ' ^ 

Exporter of Exporter of 

Technology Products 

Responses: Objection / Other k 



t agree 
I disagree 



32 
6 



k 
35 
3 



Question 2: 



isppnses 



On major technical programs (compu ter- 1 ntegrated manu'- 
facturlng systems) we are not ready yet for International 
development. ■ ^ 

Objection / Other' 6 
I ag ree 



t disagree 



27 



:ion 3; 



Resp6|ises^: 



It ts^uirgeat that we s'tar^ a national computer-Integrated 
manufacturing program.' ' , 



Objection / Other 
t ag ree 
y d [ sag ree 



29 
9 
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GENERAL 



Ques t E on : 
Responses ; 



Question: 
Responses: 



r 



What is your current' Income? 

Objection / Other I 

Less than $5,000 * 6 

Less than $10,000 2 

Less than $15,000 3 

Less than $20, 000 3 

Less than $25,000 h 

Less than $30,000 l8 

Less than $40,000 9 

$50,000 or above k 

\ feel 

Objection. / Other 1 

Fine ' 22 

O.K. * 13 

Fair 2 

Poor 2 

Confused ^ 5 

Intimidated 6 



Quest ion: 
Responses; 

(Question: 
Responses : 



The y-.S, is tending to become more socialistic 



Objection / Other. 

Yes 

No 

Undecided 

This technique Is 

Objection / Other 
Useful- 
Not sure 
Waste of time 



1 

31 
11 

3 



0 
32 
8 
k 
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